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ON    I'lii-:  sriM:.\(;'i"n  of    thk  TKK'rn  of  wfikfls. 

\\\     .1.     II.    (ool'KlJ. 


riio  ()l)j(.'ct  of'  this  jtapcr  is  to  (.'urrcc-tly  ixpnia  tiie  f.\i;-tin«;  nik-s  aiul 
fbrmiihe  for  the  strciifrth  of  the  teeth  of  wheels,  to  give  all  deHiiite 
statements  of  the  experiments  upon  which  sneli  rules  are  foiintletl, 
:is  fully  as  the  limited  records  at  t^ommand  permit,  and,  finally,  by 
the  use  of  like  dimensions,  to  work  out  an  example  by  «'ach  ot"  the 
sevenil  formula'  f<>r  the  practical  end.  The  example  chosen  tor  this 
[)in*pose  is  ("onsidcrcd  to  Ik'  a  fair  one  l)v  several  writers  on  this 
subject. 

In  order  to  pri'setit  in  each  rule  the  same  general  form,  which  is 
adopted  for  r«'ady  reference,  and  at  the  sjime  time  t<»  tiot  atlWt  the 
integrity  of  its  piu'pose,  the  notation  has  \k\'U  chat)ge<l  to  the  initial 
letter  of  the  part  specified,  and  written  rubs  agre<'ably  to  the  aUive 
have  been  ctjnverteil  into  fornuihe. 

This  metlnnl  of  j)resentation  has  In-en  seleete<l  to  show  at  a  glaius- 
the  piHH'ise  cU'inents  of'  the  wheel  which  enter  into  the  make-up  of  the 
ruK',  and  to  uive  the  result  of  each  rule  al'ter  con>[)lett'  working  out  of 
the  conditions  named. 

AVuoi.K  No.  Vol.  C'VIII. — ^^TmKI•  Skkif>  Xdl.  Ixxviii.t  I 
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Notation. 
The  same  letters  refer  to  like  parts  in  each  formula. 
Let  p  =  pitch  of  teeth  in  inches. 
t  =  thickness  "  " 

/  =  length        "  " 

/=  face 

L  =  length  of  teeth  in  feet. 
</"  =  diameter  of  wheels  in  inches. 
d=         "  "       in  feet. 

n  =  Rpm.  =  rev.  per  rain. 

ti  =  F})8.  =  velocity  of  pitch  line  in  feet  per  second, 
r'  =  Fpm.  =       "  "       "     in  feet  per  minute. 

H  =  horse-power  transmitted. 
(S'  =  stress  on  teeth  in  lbs. 
Each    formula    is   solved    by    the    introduction    of    the   following 
elements :  the  results  are  placed  in  the  4th  column  and  show  plainly 
the  values  of  J/ and  aS  according  to  each  authority. 

p=:^"^,  t=-['SS";  f=2'l"  ;  f=7-o"  ;  d=ry -,^1=60  ;  t'=15-708'; 

t  =  -46  p;  /  =  -7  p. 

Table  1. 

No.  Authority.  Formula.  Horse-power. 

1  Boulton  and  Watt,  H  =  t^l^^  66-17 

»306 

2  Carmichael,    1814,  copied  jj__    f   X  f  X  v  47-06 
bv  Grier  and  Templeton,                    2'27  / 

3  Stripe,  H=    ^' '^ [^^^  "^  68-56 


bo 

a 


3 
o 


o 


4     Tredgold, 


H=       f_X  '^  80-78 

1-75 


5  Farey,1827,  H=  /X/^^X'^^              84-37 

J '  240 

6  Hick,  H=  P'  ^l  ^  '              «6-27 

lb 

7  Roberton,  1814,  H  =  ^'  ^  -^  ^    '              56-09 

8  Glasgow  Practical  Mech'c,  H  =  "^-^^                  ^^'SS 

®  2-5 


jl^     Ip^Xn'Xf  73-49 


Jaly,  1879.J  Power  'IVunxmitthuf  Mrrlmnixni. 

No.  Authority. 

10      i>iicli:iii:in. 

I  I       1' :iirl):iii°ii. 

1  'J 


I.'.      Ii<.X, 

11     MoIcHwortli,  IHTo. 

\h      I).  K.  Clark.-. 


k; 

Nystrorn, 

17 

1854, 

IS 

.. 

I'.'  1H7'>. 

1\      .lories  and  Laii;;lilin.'<. 
'22       n:L^wrll. 

2;{ 

24      Knjriiuir  aii<l  Ma<li.  As<'t,  // 

Tahi. 

No  .Viithority. 

1  Tnilpild. 

2  Kiijiiiuir  and  Macli.  .\ssi.. 

'\     Morin, 

4      Tntliruld.  (luotitl   Itv    Uankiiu* 

b      lliuikinr,  18<)5», 

<?      Kniriiuvr  and  Macli.  Av»t. 


Formula. 

Hor»e- power. 

//  = 

••  U)' 

5318 

//  = 

^(..4)' 

8H-75 

//  = 

e  r 
•344 

HH-W 

11  = 

1 

iln  .  ;>y()4:i 

;j()-27 

11  = 

•(><>/>»  r  f 

()3^ti2 

11  = 

58-3 

4«;:51 

11= 

\-663  / 

♦^•9«) 

11  = 

•♦;14  },'  r 

86-8 

11  = 

2!»  f  r 

8«>75 

11  = 

t  J   r 
•55 

2;»5-51) 

11  = 

p  fr 
12 

204-525 

If  = 

p<i"jn 
550 

147-27 

11  = 

V  f  5-45 

1»>3- 

11  = 

138-23 

11  = 

■\irr 

5»]-55 

:    11. 

Sa/e  «tmw 

Form  n  In. 

in  lU. 

.S' 

=    138  y>/ 

3,105- 

N 

-I  '  V 

3.3«4^ 

.s' 

~V025/ 

3,(>47- 

s 

=    l.'KM)  f 

2.S56^») 

.s" 

=  UK)  pj 

3.t;<K>- 

.^^ 

=     18(X»V 

3,(M7- 

V025  / 


3,t>47 
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Safe  stress 

Formula. 

in  lbs. 

^'  = 

510  73/ 

11,475- 

>s  = 

200  pf 

4,500- 

.9  = 

13331//.^ 
I 

9,068-t> 

.S'  = 

ef6oo 

4,081- 

*S'  = 

1576  e 

3,001-3 

^  = 

900  e 

1,713-96 

S  = 

180  p' 

l,(>20- 

s  = 

\Tr>pf 

3,037-5 

s  = 

TlOje 
I 

4,897- 

s  = 

1600  ^' 

3,047- 

H  = 

300/^ 

3,105- 

S  = 

1000// 

10,350- 

8  = 

460  7^/ 

10,350- 

8  = 

150//^ 
L 

12,242-57 

s  = 

3000  f 

5,713-2 

s  = 

vje 

L 

4,897- 

s  = 

462  pf 

10,395- 

No.  Authority. 

8  J.  G.  Lawrie, 

9  W.  C.  Unwin, 

10  F.  Campin, 

11  Box, 

12  Imp.  Journal, 

13  D.  K.  Clarke, 
14 

15  Ha.'iwell,  1860, 

16  ''         1868, 

17  Nystrora,  1854, 
18 

19  "  1875, 

20  "  " 

21 

22  Haswell, 

23 

24  J.  Christie,  1877, 


Notes  on  Table  I. 
Formula  2.     "  The  rule  given  by  this  authority  is  ^-^  at  2-27  ft. 

per  second ;  but  we  have  altered  it  to  be  applicable  to  all  velocities : 
p  =  2-l/;  ;=l-2/;/=4r 

Formula  6.     "  This  rule  is    ^       -^    at  4  feet  per  second.    We  have 

altered  it  for  all  velocities :  I  =  ^^  p. 

Formula  7.  "This  is  ^^  X  /at  4  feet  per  second.  We  have  made 
it  for  all  velocities :  p  =  2'1  t;  f  =  4  <." 

Formula  8.  "In  this  rule  p  =:  2-1  <;  /  =  2  /  as  available  for 
strength." 
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F<»niujl:i  !».      "  Tlif  lu'fuiltli  <»r  tiTtli  -iiiuiMf  for  \v<Mr  i>  ;'  =  2    — ; 

V 

or.  acronliii^  to  Kdiiiii,  /'=  1"M        ;   if  wi-   iiK'orjMinif*-   tin-  latt<T  el«.*- 

r 

ineni  wifli  rnnmila  H,  we  j^-t  formula  1>." 

Forimila  Hi.  liucliniian's  rule  for  tlx-  tliit-kiu-ss  of  «'5f»t  iron  Ui-tli 
for  wIhh-Is,  set'  liis  "  I'nuti(-.il  Ks.-^iy  on  Mill  Work."  .lolm  Wi-jiIp, 
lyondoii,  is  J],  p.  10J>.  "  J*'iii«l  tli«'  immiiUt  of  liurM-s  wlii«li  an- Mjiiiv- 
iiU'Ut  to  tlic  |M.ucr  of  tilt-  fn>t  iiiovt-r  of  tin-  train  of  ina<*liiiu'rv.  and 
<livi<U'  that  niinilK.'r  Itv  tin-  vrl(K-itv,  in  U^'l  jht  imhiukI,  of  tin-  pitrli 
line  of  the  pinion  or  wIk'<'I.  Kxtnu't  tlie  sijuan*  nH»i  of  tlit-  tjiiotifni, 
iiiul  tlirec-fourtlis  (»f  this  nnit  will  Ik*  tin*  It-Jist  thit-km-JN''  of  tlu*  tootli 
for  t\\v  w1h'<'I  or  pinion,  in  inrlics." 

Formula  11.  l"'rom  Kairl»airn's  "  Mill>  an*!  Mill  Work,"  lh»>."J, 
j>.  4o,  (hKlucisI  from  Tnili^ntlil's  ruU»s.  Ins«-rt  'H2\  for  linf<s,  "SHI  for 
"WjhkI. 

Kormiila  1  li.  From  I'airl.airn-  "Mili-  ami  Mill  Work,"  1S»>;J. 
:j>.   Kl,  (IrdniHMl  from   rn'«lp>ltl.      Ins«Tt  MiT  I  for  hnts.-.,  'TMo  for  \voo«l. 

Formula  Kj,  Fmpiric:il  rule  l»y  liox  in  lii*  "  Mill  Cii-jirin^,"  p.  26, 
for  onlinar\  w lui-ls  of  itist  iron  in  use.  in.H-rt  'Oo  in  tormuUi  for 
"wimhIiu  tittli.  F«tr  iK'Vfl  wlu'<ls  />  .shouKl  nprt-^ifnt  tlu*  nuan  pit«h, 
not  that  u.sually  ^ivon,  which  is  tht*  maximum  m«t<un'<l  on  th*-  ^mit- 
A-Kt  <'ircl<-  of  the  working  cone. 

Formula  It.  *'  Molosworth'.s  I'tK-ket  liook  of  Kn^in»-«rinjj  For- 
mula'. London,  1S7;>,  p.  2(H)."  (  =  '4i^>  p  ;  /  =  -T')  y< ;  ht'i^ht  of' 
iooth  alMi\f  jtitcli  line,  'X\  jt  ;  /'  =  2  p  in  ^mall  pitt'ln^  antl  -l  y>  in 
larj^' 

Formula  15.  •  \K  K.  Clark.-..  TaMr^  and  Kuli->.  IsTT.  p.  T.W." 
Insert  X\'U  for  L'uii  metal  (»i»p|H-r  and  tin):  2(>*2  for  wrot.  iron;  l."M  for 
vte<'l. 

Formula  HI.      N\>tronr>  rule,  «pioti-d  hy  li;L>^well,  ISGT,  p.  ohJ. 

F<)nnuhe  17  ami  IH.  Nystnun's  rules.  Mirnft***!  fn>in  his  1X54 
t^lition  (»f  hi.'^  Fcnket  lJ<M»k. 

Formuhe  1}>  and  20.  Ny-troin,  l.s75,  p.  2!»7.  The  i;i'<  .  /.  i-  i^n- 
^'p.illy     made     =     2*5  /» ;    .*.   J   r=   5"-4.'?5  f :    f  7=   -Ifi  ;»,  nnil    j,     •= 

Formula  21.  done.-.  an<l  L:ui::hlin~"  "  I  m-IwI  1  ntorMj.nti<>n  |..r  hn^i- 
•noerx,"  p.  51.  Ilei<;ht  of  tin-  tooth  =  •.'i2  ;*  ;  depth  of  the  t«>otlj 
=  'SHp  :  t  =  'ASp  for  e:b*t  whe««ls  ;  /  ^  ''} p  when  eui. 
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Formula  22.     Haswell,   1860,  p.  163.     Rule  "  Ta  fiid  the   HorseJi'' 
Poioer  of  a  Tooth,  the  Dimensions  and  Velocity  being  given." 
"  Thickness  ^  x  3000  =  pressure"     (a) 
"  Pressure  X  velocity  in  feet  per  minute        tt   t>  » 
33000  ""      ■     ^ 

'^  Thickness  X  2-1277+  =  the  Pitch." 
"Thickness  X  1-5384+  =  the  Length." 
"The  Breadth  should  be  2'5  times  the  Pitch." 
"  The  Thickness  should  be  -47  of  the  Pitch." 
The  velocity  here  is  given  in  feet  per  minute,  whence  inserting  velo- 
city in  Fps  and  the  elements  of  the  pressure  (a),  we  will  have : 

H=vt^6-45 
Formula  23.     Ha-swoll's  (1867,  p.  516)  Rule  for  "the  Depth  of  a 
Tooth,  when  the  Horses'  Power  alone  is  given." 

"  Extract  the  square  root  of  the  quotient  of  the  horses'  power,, 
divided  bv  the  velocity  of  the  teeth  in  feet  per  second,  and  multiply  it 
by  -465."" 

Formula  24.  "  Engineer  and  Machinist's  Assistant,"  p.  96.  With  a 
pitch  of  3  inches,  f  =  \-4  inches;  /  =  2-1  indves ;  least  /  =  4-2 
inches. 

Notes  on  Table  XL 

Formula  1.  Tredgold,  giving  results  near  those  of  his  table  in  his 
treatise  on  the  steam  engine.     John  Weale,  London,  1838. 

Formula  2  and  6.  "  Engineer  and  Machinist's  Assistant,"  Glas- 
gow, 1856,  p.  92.     "Thus,  for  cast  iron  teeth   this  rule  gives  j^   = 

-0517  v'^and  for  a  pressure  of  15,000  lbs.  we  have  V"S=  r  15000- 
=  122-5  and  '0517  X  122-5  =  6-333  inches.  The  wheel  from  which 
this  example  is  taken  has  been  several  years  in  action,  and  has  an 
actual  pitch  of  6  inches,  and  the  mean  pressure  at  the  pitch  circle  is 
14,786  lbs. 

Cleamnce  of  teeth  -^  of  the  pitch ;  tor  brass  teeth  use  -0723,  for 
wood  -0785. 

Formulae  4  and  5.  Rankine  in  his  "  Tables  and  Rules,"  p.  233, 
gives  a  rule  "  to  find  the  least  thickness  suitable  for  the  teeth  of  a  wheeL 
Divide  the  pressiu-e  in  lbs.  to  be  transmitted  by  1500,  and  extract  the 
square  root  of  the  quotient  for  the  thickness  on  the  pitf;h  circle  iu; 
inches." 
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"ToCiikI  {Ui-  htisl  yw7<7i,  riiiilti|»ly  tlif  Icjt-t  tliickiK->^  on  tin-  pitdi 
fin-lc  hy  2*2." 

"To  fiml  tin-  li'ixt  Iniinllh,  divide  tlic  |»rf>v-^ui>  ill  ll»-.  to  l>f  tr.iii~- 
mitt4'«|  l)v  1<;(),  :iii<i  l)V  tin*  |>it<*li  in  iiidio." 

Ill  his  '*  M('<|iuni(".il  Text  IJ^Kik,"  liuiikinr  adds:  '*  Tlie  thirknrjot  ot' 
u  t«M»tli  is  fixt-d  acfordiiijr  t<»  tin-  prim-ijdo  ot"  strt'ii^tli,  and  tin*  hrtmlth 
is  s<»  iuljiLsU'd  that  when  iiuilti|)li«<|  hy  thi-  |Mt<h  tho  |tnHlu<t  shall  itni- 
taiti  otu-  Mtftuire  itirli  for  ••juh  I»>()  ll»s.  ol"  ton"*-  tninsniittMl  hy  the 
l^-^lh." 

K(»riiiiila  7.  ("an  Ik-  loadtil  to  halt"  iiiop'  and  y«t  Im-  within  lii«- 
rht^ti<-  limit.  In^Tt  •<).'{')  tor  l>ra-s  aixl  n.JM  tor  \vo«m1.  .s'  in  this  ruh- 
Ih  ^  the  hrcsakinj^  weij:;ht. 

F(»rinula  H.  \V.  ( '.  Ciiwin.  1X77.  ^,-,  of  tht-  stn-ss,  hy  this  rule, 
shouM  Im-  put  oil  wihmIcii  t<H-th.  Thi-  t'ormiilii,  d^HJiuf-*!  from  tahle  on 
pji<r«.'  IMI  ot"  his  "  Kltint'iits  ot"  Marhinr  I)«>i<;n,"  I).  AppU-ton  *V  Co., 
New  York,  1.S77.  For  wIhi'Is  ot"  .'{  inch  pitch,  when  the  hwid  is  «jui- 
ctly  laid  on,  .S  =  ijJJ'J.') ;  wIhii  shmk  is  ino«h'r:itc.  N  =  .'{<»(Mi.  and  when 
sh<K'k  is  cx«*«s».siv«'  <s'  =  •Jl!i3  ll>s.  for  sjifety. 

Formula  11.  IJox  on  the  al>solute  stn>n^th  ot'  thetiitli  ot"  wlu>els 
for  cnines  and  otlur  like  piup<.s«s.  The  stn^ss  U'in^  put  on  the  te«'th 
at  verv  low  veliK-ities,  and  «-alculat«il  at  ,\,  of  the  stn'>o<  which  wouM 
hreak  the  teeth.  liox  i'stimat«->  ^hrond***!  ti-eth  of  sime  pilch  and  t"a«i* 
at  1<»  to  ")<)  |Mr  cent,  -troiiirer  than  tho-4'  not  shn)ude<l,  and  w<MM|eti 
te<'th  <»t"  llitrnlnniu,  which  has  a  tensile  strength  of  ^^  that  of  <-a->t  in»n, 
at    J.J 3    the  tnuisvers*'  strength  of  iron  tii-th. 

Formula  \:\.  1  >.  K,  Clarke.  In.s<'rt  1G()<)  tor  ^un  metal,  _'»;<«»  tor 
wn»u^ht  iron,  li'.KM)  tor  st»H'l. 

Formula  11.  I ).  K.  Clarke,  1H77.  h/pial  to  ^^^  the  l>n-:tkin^ 
stress.  For  c;L-t  iron  1<S(>  to  ."UO,  for  ^tni  metal  (••op|HT  and  tint  ."JIO, 
f<»r  wrouirht  in)n  ')2(>.  for  st«t'l  8(K>. 

1  >.  K.  ( 'larke's  rules  tor  tht*  **  ultimatt-  tninsvers**  stn*n^h  ot"  the 
litili  ot"  ordinary  e:ist  iron  wheels"  are  ltas<-«l  u|M»n  an  as?.umeil  line  of 
rujdure,  the  diai^onal  ot*  a  S4pian>  whos*-  side  is  tin-  leii^rth  ot' the  tiHith. 
which  is  in  fact  the  liiu-  of  hit^t  tluiinlic  resistjin*"*-  with  tlie  stn»  at 
the  c«»rner,  although  not  the  line  of  actual  tnictun',  a«>i>nlin^  to  which 
tor  stnn^th  ahtiie  it  is  nei«<lh-ss  tt»  make  the  tan*  of  wluvls  nmn-  than 
twice  the  length  of  the  tooth.  (Quoting  FuirUiirn.  Clarke  givi«  to 
wiKKlen  teeth  a  thickni-ss  I'rjual  to  ^  of  the  pitch.  wheriMf  the  iron  teeth 
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have  1^,  no  allowance  being  made  to  gain  clearance,  for  when  properly 
shaped  the  teeth  will  all  work  closely  into  and  out  of  their  interspaces. 

Formulae  17,  18,  19,  20.  Mr.  Xystrom's  earlier  rules  are  evidently 
of  English  origin,  and  as  good  as  they,  having  been  derived  from  S  = 
1600  f,  but  his  later  formidfe  which  with  gear  having  strongly  rooted 
teeth  of  gootl  material,  with  well  fitted  and  mounted  wheels,  shafts  and 
bearings,  are  certainly  in  every  way  capable  of  transmitting  the  power 
assigned  to  them,  and  then  he  a.ssures  us  he  has  deduced  them  from 
gears  in  actual  use. 

Formuhe  17  and  18.  Nystrom,  1854.  Abrasion  included  in  these 
formulae  and  /*=  2*5. y>. 

Formula  19.  Nystrom,  1875.  This  rule  provides  for  carrying  the 
load  always  on  two  teeth,  and  is  thus  equivalent  to  ^  the  breaking 
stress. 

Formulse  19,  20  and  21.     Nystrom,  1877.     "  The  coefficient  I  have 

given  for  strain  on  teeth  is  only  |  of  the  breaking  strain,  although  it 

is  about  three  times  the  old  rule.     Thus : 

«  ^  ,     ,    •          ..        150  /  ^-         150  X  7-5  X  1-9044        .  ^^  ,^  .- 
Saietv  straui  :=  <s  =  '1 —  = =  122  1 2-57 

^  L  -175 

If  you  count  two  teeth  in  gear  at  a  time,  the  safety  is  -^  of  break- 
ing strain." 

Formula  22.     Haswell.    /  =  2-5  p;  t  =  2-127  p  =  1-5384  l. 

Formula  23.  Haswell's  (1867,  p.  515)  Rule  for  "the  Dimensions 
of  a  Tooth  to  Resist  a  given  Stress." 

"Multiply  the  extreme  pressure  at  the  pitch  line  of  the  wheel  by 
the  length  of  the  tooth  in  the  decimal  of  a  foot;  divide  the  product 
by  the  Value  of  the  material  of  the  tooth ;  the  quotient  will  give  the 
product  of  the  breadth  and  s<|uare  of  the  depth." 

"The  Value  of  cast  iron  for  this  or  like  jmrpftscs  may  be  taken  at 
from  45  to  65.     In  this  case  it  is  taken  at  60." 

Formula  24.  James  Christie,  Philadelphia,  1877.  This  rule  rep- 
resents \  the  breaking  stress.     See  his  discussion  of  the  subject. 


Having  presented  most  of  the  rules  on  the  strength  of  the  teeth  of 
wheels  to  be  found  in  the  existing  engineering  treatises  published  at 
home  and  abroad,  it  will  help  to  an  understanding  of  their  essential 
elements  by  giving  in  detail  some  of  the  ex})eriments  made  from  time 
to  time  upon  the  material  of  which  most  wheels  are  made. 
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It  if"  (•<Ttainlv  inc»-v,-<ir\  t<>  krmw  the  stniiu  that  l>rf:iks  ii  j>i<'«v  of 
proj«ffirijf  r;tM  iron  of  ^ivr-u  hI/,*-  and  sIihjm*,  wIm-ii  tin-  Htr«s«  b*  lai<l  «>n 
«jiii«'tlv.  a.-  well  -,\<  w\m-u  if  i*  •Irivrn  on  witli  ntiisiilmiltl**  v<-l«»«'ity.  It 
if*  alni  ini|K»rtant  to  know  tin-  fractional  jnirt  of  tin-  rii|itiirin^  wrijjht 
or  str(*K«  wliifli  nmv  Im-  n'fM':it<'<llv  lai<l  on  with  jM-rfiHrt  Mafety,  t4i  insiin- 
tin-  coiitiniianct-  of  colic-ion  imhUt  tin-  n^nai  i-on«lition.*<  of  working. 

njMtn  tlicM'  «>,<cntial  ffatun-s  of  i-.\r\\  «-l-^-  the  criteria  of  alnuif<t 
cvcrv  «'n}rin«'cr's  jriiidc  IxKik  is  silent.  'I'o  stand  Kifciv,  tlicn-forv,  on 
flic  ccrfainfic-  ol"  knowN'<lp',  one  niiisf  liav*-  <letinite  and  accurate 
inejins  of  ax-ertaininjx  the  tiiM-hanic-al  |iro|KTti«->  of  the  iMaf^-rial-^  uj>i»n 
whi<*h  (h'jK-ndence  i-  fo  i»e  placed,  and  in  the  line  of  this  l)r.tn<-h  of  the 
inqiiirv  we  preMiif  tlij-  data  from  which  lioulton  ami  N\  att  made  their 
ruh'  for  the  strenjrth  of  the  t^^th  of  whe<Is. 

"  A  har  of  c;ist  iron  otie  inch  s«juare  an<l  twelve  inche«>  lonj^  iN-ar* 
4>(K)  Ihs.  In-fore  it  l)re:ik>  ;  one  inch  Ion;;  will  U-sir  72<H»  |l»s.,  and  ^  i»f 
ihJM  =  4K<I  \\)>.,  which  is  the  lo:id  that  shouM  U-  ptit  on  a  whe«-l.*' 

Prior  to  this  tt-st  we  havi-  tlu-  re<-or«l  of  .lolm  Hanks,  in  iSO.'i,  on 
l"i_  esu'it  iron  .'{'  U'tweeti  snpport.-  j;ivin;:,  in  !<•  exjKriment.-.  an  ave- 
nij^  of  8tt  Ills.,  lan^rin^x  from  7.{(»  to  \\~'l  |l>-.  at  the  middle  of  th*- 
l>ar,  |>riMliicin;r  riijiture. 

r«»  tind    the    pn'>snrt-    that    lire;iks  1"        Mttion  af   I  "  ^li.xtaii'-*-  fri>m 

ihe  stiiiporf  we  have  '        ^=  7")!H>  Ih". 

\ 

Kondelet's  six  trials  in  Paris  in  1.S14  aveni^-*!  fiOPi  llif.,  and  lator, 
'I  rMl^rnld's  tive  trials  avenitr*"*!  711<i  Ihs.  on  cast  in»n  l»:ir«  of  ,s;ime  s«i"- 
tion  and  length. 

In  Poh''>  Work  on  "Iron,"  |K7'J,  |»ji^'  }K>,  (Kxnirs  the  following: 
*'  There  is  an  e\ce«-«lin;rly  simph'  rou;;h  <Iatnm  for  the  traitsvrrs«» 
^tren^rth  of  «-:i>t  iron  which  is  well  worth  «-4)mtnitting  to  memory'.  It 
is.  tlutt  (I  Ixtr  1  »/j«7j  wfUfire  and  1  /*»x>/  lontf  tri/i  hri-iik  irith  n  Uxnl  o) 
nhout  1  tun  hnn;r  on  tin-  middh'." 

In  fhiv  we  |ia\e     "". lII =  ()72(>  W*^.  «»n    \"        hv   I"  loni:. 

4 

Itiirlow  siy>  :  "  (  a.-f  iron  ha>  its  ulastieitv  ile^tnjyiil  with  alNHit  on«^ 
tliirti  the  wei^rht  that  will  pro<luet'  rupture  ;  it  ou;:ht  not  then-fon-  ti> 
Ik-  UuuKhI  in  |Hrmaneni  <"«»nstru»tions  to  mon-  than  thi.s  amount." 

Mr.  F.  ('am|iin,  ('.  K.,  in  the  vlr//;#fn,  sjiys:  "It  i>  found  tJial  a 
4-:intilever  of  c:ust  iron   1"  Ion;:,   i"  wi«|e  and   I"  thick  hnniks  under  an 
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extreme  load  of  8000  Ib.s.  To  find  the  breiikino;  weiglit  of  any  given 
t^ast  iron  cantilever  loaded  at  the  end,  multiply  the  breadth  in  inches 
by  the  .s(|uare  of  the  thiekne.ss  in  inches,  the  product  by  8000,  and 
tlivide  by  the  length  in  inches.  In  })ractice,  it  is  usual  to  make  the 
working  stress  |  of  the  breaking  weight,  then  the  fornnda  for  safe  load 

would  be  :  S  =    •]__  •  or,  to  i)ut  it  in  the  same  form  as  the  othei*s^ 

6/ 

!^ee  formula  10  in  table  II. 

We  cjui  therefore  rely  u])oii  ]>oulton  and  \\'att's  <latit,  /.  «•.,  7200  lbs> 

breaks  a  bar  of  (ust  iron  l"u  •>>'  1"  long;    1^    =    2400    Ihs.,    the 

•> 

ela.stic  limit,  wliicli,  if  ex(!eeded,  woul<l  end   in   rupture,  and = 

5 

480  =  the  safe  load. 

The  question  of  how  many  pounds   prt'ssure   u|)on  the  point  of  the 

tooth,  whose  elements  are  given   above,  will    be  necessjiry  to  break  it» 

itiay  now  be  considered. 

..      ,,  .          ,          7200        7-5  X  1-."W-  ,^^,7,. 

Tor  this  we  iiave =  48970 

2-1  I 

and  j*y  of  this  is  •5260  lbs.,  whidi  is  near  the  average  of  tin;  rules  tab- 
ulat<^l  in  this  article. 

Mr.  J.  Anderson,  '^On  the  Strength  of  Materials  and  Stnu^tures," 
I>.  Apj)leton  ct  Co.,  \ew  York,  1872,  says:  "A  cast  inui  bar  of  good 
qualit}',  1  inch  long  and  1  in(;h  scpiare,  loaded  at  the  end,  woidd  break 
with  about  GOOO  lbs." 

"  The  tooth  of  a  cog  wheel  is  to  be  considered  as  in  similar  (H>ndi- 
tions  to  such  a  bar,  that  is,  in  the  condition  of  a  l)eam  fixed  at  one  end 
and  loaded  at  the  other,  and  its  resistance  to  fracture  is  {)roportional  to 
its  length  or  projection  invci'sely,  to  its  breadth  or  face  directly,  and  t<> 
the  square  of  its  depth  or  thickness. 

Tests  of  American  cast  iron  are  given  liei'cwith  for  com|)arisoii,  ref- 
erence being  had  to  "  lleports  of  Kxperiments  on  the  Strength  and 
other  properties  of  Metals  for  Cannon,"  published  by  officers  of  the 
Ordnance  Department,  U.  S  .A.,  1856.  We  find  as  the  result  of  18 
tests  of  transverse  strains,  made  by  Maj.  Win.  \\  ade  upon  various 
samples  of  Americxm  irons,  the  following  results  after  the  second  and 
third  fusions,  that  is,  once  and  twice  melted  in  the  foundry  furnace  i 
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Maxiiiuiiii  unit  of  stn-ii^'-tli,  ll.()4«)  ll>s. 

Minitntini      "  "  .  .  »;,2()7    " 

•^vcni^'c         "  "  (18  tests)       7,JH><»    " 

These   trials   were    made   with    hars  each    24"  h>u^  (an«l    avenjjriii^ 

2  ins.  square),  supported   at    both  ends,  20"  In-twefn  supjM.rts.     "  The 

'  Unit  of  Strengtlj'  represents  the  weight,  in  pouncls,  rwpiire*!  to  l.rt-ak 

a  l»ar  one  ineli  s<piare,  su|)porte«l  at  one  end,  the  wei^ijt  l>ein^  appIio<l 

at  a  dist;inee  of  one  inch  from  the  point  f)f  supjM)rt.      For  s<|uare  l»ar>i 

it  is  deterniiiiedhv  tile  fonriula     .-!—   =   S  =   the   unit  of  ^tren.-th - 

\fjfp  ^      * 

I  Ixjing  the  lenj^th    between  the  supjM.rts,  //•  the   l.reakiii^r  uri^dit,  //  th.- 
hrea<lth  of  the  bar  artd  (/  the  depth. 

From  John  Farev's  Treatise  on  the  steam  eM<rine,  London,  1S27, 
{».  ()2«,  we  extract  the  foIlowin«^r  particulars  of  Mr.  Lovd's  "strong- 
enuies."  *<The  larjrrst  size  is  adapted  to  lift  twi-nty  tons  wei<rht  ;  th.- 
ehain  is  made  of  iron,  I  j"  diameter,  and  wimls  round  a  ^rr.M.v.tl  bar- 
rel 22"  diameter.  The  axis  of  this  barrel  is  made  of  wrou^rht  iron  4" 
.Mpiare;  the  fr„d^r,.on  at  one  end  is  3"  «liameter,  and  ;{.\"lon;r;  th.- 
neek  at  the  other  en<l  is  4  J"  diameter,  :\y'  hmg.  The  barn-l  is  turn^I 
round  by  this  neck  to  wind  uj)  the  <'hain  ;  and  the  e:i.-t  in.ii  eoir-wheeL 
which  is  fixed  on  tJie  extreme  end  of  the  axis,  l)eyon<l  the  iieik  t..  turn 
it  round,  is  <>'  diameter  with  ir>2  tcvth.  whi«h  an-  I-41»"  pifh  and 
.*U"  broad. 

"The  teeth  are  loiinded  at  th.-  i\u\>  nearly  to  a  .semieirele.  and  th.- 
s|»iiees  between  the  teeth  are  also  IioIIowlhI  <»ut  neiirlv  to  a  semieirele; 
tJiis  form  gives  the  teeth  very  grejit  strength  at  the 'nH>ts.  where  thev 
join  to  the  rim  of  the  wheel.  The  wIuhI  is  tunuil  by  a  ra-t  in.n 
pinion  of  17  U^eth,  which  are  of  a  eorris|H>nding  f<.rm  to  thoM-  of  th.- 
wheel,  but  the  pinion  has  a  einular  rim,  ..r  tiange,  at  raeh  end  ..f  the 
twth,  which  greatly  strength.  ii>  them,  being  i-a>t  in  one  pie«v  with  the 
kvth.  With  this  lorin  of  t.vth,  only  .me  pair  <>i  the  teeth  of  the 
whcH'l  and  pinion  are  in  actual  .-..nta.t  at  the  sime  tinu',  s*.  that  one 
to<ttli  U-ai-sall  the  strain." 

Calculation  lor  the  t.vth  : 

44800  A 22        ,.,  .^„ 

=;j =  l'U)8;»  =  pn-ssurc  upon  the  teeth. 

'PI  1.{U8}»  .  .... 

^''''"    ,  TTH TTV   =   l^-*'*^  'l*^.  •••^  the  pnUK.r- 

l-4i>' X  .3-2.)  '     ' 
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tionate  pressure  for  cast  iron  teeth  of  \"  pitch  and  1 "  face.  This  Is 
17^  times  our  a.ssumed  standard  of  110  lbs." 

*'  These  cranes  are  always  ])roved  by  lifting  the  full  weight  that 
they  are  intended  to  bear.  *  *  *  They  rarely  break  wheels,  but 
-sometimes  twist,  yet  never  break  the  necks  of  the  drum  shafts." 

A  curious  application  of  a  rule  for  the  teeth  of  mill  wheels  occurs 
in  "Farey's"  Treatise,  p.  627,  which  is  quoted  in  full. 

''  The  great  wheel  of  a  very  excellent  pocket  watch,  made  by  Mr. 
Pennington,  is  '764  of  an  inch  diameter,  with  HO  teeth,  which  are  '04 
of  an  inch  pitch  and  '04  of  an  inch  broad.  The  strength  of  these 
teeth  is  therefore  -04^  X  -04  =  -OCXH.  To  find  the  force  which  these 
teeth  transmit,  a  wheel  wa.<  affixed  to  the  watch  key,  and  a  sufficient 
weight  apj)lied  by  a  silk  threa<l  to  the  circumference  of  the  wheel  to 
wind  up  the  watch. 

''It  appeared  that  the  constant  pressure  upon  the  teeth  is  '83  of  a 
jKtund,  which  ^  '0064  strength  of  the  teeth,  gives  130  lbs.  for  the 
j>rojiortionate  strength  of  t<*<'th,  one  inch  pitch  and  one  inch  broad, 
instead  of  110. 

'*  This  wat4'h  has  been  in  use  for  ten  years  past.  The  wheel  is  made 
of  fine  yellow  bnuss,  hammered  very  hard  ;  it  is  gilt,  but  the  gilding  Ls 
not  yet  worn  off  the  teeth." 

The  110  lbs.  referred  to  in  quotatitm  from  Farcy  represent  a  wnr' 
*)f  meft.mrement ;  it  is  the  pny-sure  that  may  constantly  be  applied  to 
the  teeth  with  perfect  safety,  l)eing  from  iV  *^  iV  ^^  ^^  breaking 
strength  of  a  wheel  one  foot  pitch  diameter  and  teeth  of  one  inch 
])itch  and  one  inch  face. 

A  C(trresj)ondent  of  the  Engineer  siiys  :  "  I  herewith  send  you  a  rule 
for  the  strength  of  the  teeth  of  wheels.  As  an  example,  3''  pitch  Ls 
usually  taken  l)y  all  who  have  written  on  the  subject,  and  at  a  velocity 
of  .H  Fps. : 

H.  F. 


Tredgold  gives 
Eng.  and  Mach, 

it 

,  Assistant 

gi 
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.     15- 
14-5 

Hick 

(I 

.     10- 

Roberton 

li 

10- 

Carmichael 

u 

.       9-91 

Farey 
Buchanan 

13-5 
.       9-4 

**  These  are  all  nearly  correct,  taking  their  data  from  wheels  actually 
in  use,  and  going  at  or  near  about  three  feet  per  second. 
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"  I  find  lor  j^eiKiral  urt<;  'J'ri-^lj^olcr.s  <|jita  :uhI  •  Tlie  Kiijri'i««r'^  A-v-ist- 
aiit'  the  htst,  with  th<;  ('oiTci-tion  )>ro|M*r  \hy  tlu*  v«*hM'ity. 

"The  hrcadth  to  l>e  twict'  thi-  pit«.li  in  all  i-iiliMilatioii-i  for  -itrtn<rth  ; 
any  extra  bn-adth  is  of"  no  t'in'tlicr  use  excvpt  tor  extetulinjj  the  l»«ir- 
ing  surl'act;  and  lesfseninjr  the  wear.  Practically,  thrtn-  times  the  pitch 
is  the  utmost  limit.  Fine  pitch  broad  whc*.*^  are  very  apt  to  strip 
jrcar,  esiMM-ially  when  put  on  slight  -hattint;  which  i-  tin-  mo,-.t  defi- 
cient in  lateral  stiffin'ss;  Homctime.s  whole  tti-th.and  at  nthcrs.  |H»rti<>n>, 
will  bn'ak  off  diaj^oiiailv  with  the  nulial  liii<'  of  t'M»tli. 

"  Jiuchanan  j^ives  the  best  iiili>nii.ilioii  on  tin-  t«vfli  <if  w  iK-fds  of' ;iiiv 
writer  I  have  yet  met  with." 

NVe  a<l<l  an  original  treatment  of  tl)i>  .■'ubje*'!  I»y  Mr.  .1.  < 'liri>ti»-, 
Kn^ine<M\  l*enc<>yd  Iron  Works,  iMiilad<'iphia  : 

"  In  most  ••ases  of  ^earinj;  the  (pu-stion  of  l<-.u-t  pitch  is  an  iMijH>ri:tnt 
one,  not  only  bccjujsc  it  «-ontributes  to  smoothness  of  running,  but  alx» 
Ih'cjius*'  the  linear  tooth  Ix-aiinir  iiien-jtx-^  with  the  l«-^M*ninir  of  th«* 
pit4*li. 

'*  Manv  of  the  old  Kni;li>h  rule>  for  ^triii;_^tli  of"  t«i-th  are  bas***!  u{m>i» 
the  prcsiunjitiou  that  the  t«'eth  do  not  in  a«tiou  lM-;jr  over  the  entin- 
length  of  tiK'c,  l)ut  onlv  on  the  cornei-s,  in  which  r.tH*  the  line  ot'  ni|»- 
tun»  is  a  diagonal,  rendering  anv  incn*Jis«i  of  fai-e  of  t<M>th  lievontl 
double  the  length  of  the  tooth  net-^llesfi.  This  rule  may  U'  very  well 
for  gearing  on  weak  or  long  ."^hat'ts.  or,  woi>>i'  still,  when  thev  overhaiii:- 
the  iM'ariie^  on  weak  shafts. 

"To  seeiire  the;  advantages  of  \\\n'v,  the  parts  should  Ir'  pn»|M»rtionetl 
so  its  to  pr^-serve  an  even  and  euntiinious  U'aring  <>f'  the  t^-th  at  all 
tim<^. 

"1  have  eojjfeteil  a  number  of"  t-.i.-«e>.  varying  from  I"  up  to  4" 
pitch  where  the  t<'<'th  ar«'  stniinetl  up  to  tluir  utm<ist  .s;ifo  en<lunuuv, 
juid  feel  eonvince<l  that  the  tnth  of  whc<'l>  nin  In-  tre:it«'<l  in  a  nitional 
way,  as  a  beam  rigidiv  >tij)|M)rt«'<l  at  one  «'n<I  an<I  l<»;id»tl  at  the  other; 
that  is,  loatleil  at  the  pitch  line  an<l  all  tin-  Joa»l  on  «»ne  to«»th.  Further 
itssuming  that  the  length  of  iM-am  or  t<M>th  is  taken  at  j^^  of  tin*  pit<h. 
a  usual  proportion  of'  distaixH-  from  iiNit  of  ttMtth  to  piteh  line,  ant! 
als<»  taking  the  inn<hihis  of  n(f»titie  at  .i^^OlM),  woidd  give  for  the  t«rtk 
of  ejust  iron  wheels  a  breaking  stniin  of  ."{.T^M)  |b>.  for  i-ach  ineh  of 
pitch  and  fae<\  and  advancing  tliiwtly  :l-.  the  piteh  ami  the  face, 
although  the  ti-ansverse  strength  of  re<*tangular  sivtions  incn'ascs  :ls 
the  s«piare  of"  the  depth,  vet  in  the  (-as*-  of"  the  teeth  <»f"  w  IhvIs  then-  Is 
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an  inverse  decrement,  owing  to  the  proportional  increase  of  length  of 
tooth. 

"  My  rule  would  therefore  be  for  cast  iron  teeth.  Pitch  X  face  X 
.3700  ^  the  ultimate  breaking  load  in  lbs.  On  account  of  the  imper- 
fect ekusticity  of  cast  iron,  the  working  load  should  never  exceed  ^  of 
the  breiUving  strain  and  then  under  the  most  favorable  conditions,  such 
as  well-fitted  gear,  rigidly  supported,  running  at  moderate  speed  and 
.stress  evenly  distributed.  For  strains  suddenly  a})j)lied,  the  factor  of 
«afet}'  should  be  G,  and  when  accompanied  by  severe  sho(!ks  and  sud- 
den revei'sion  of  strains  it  should  be  8.  These  are  my  conclusions, 
and  I  am  prepared  to  sustain  them  by  numerous  examples,  a  few  of 
which  are  given  herewith  ;  Spurwheels  of  lyg"  pitch  and  4"  face  on 
a  crane,  Avhich  for  years  have  been  subject  to  a  tooth  strain  of  500  lbs. 
per  inch  of  face;  one  of  4"  pitch  and  12"  face,  every  day  working 
under  a  strain  of  25,000  lbs.  and  often  30,000  suddenly  applied  on  the 
teeth  ;  another  of  2^"  pitch  and  S"  face,  subject  to  a  frequent  stress  of 
10,000  lbs.,  but  which  has  had  two  breakages  when  the  strain 
amounted  to  13,500  lbs.,  suddenly  applied,  or  1700  lbs.  (nearly)  per 
inch  of  face. 

"  In  estimating  the  moment  of  resistance  of  the  tooth,  I  use  the 
^moduhis  suggested  by  Rankine,  viz.,  18  times  the  weight  applied  at 
the  center  necessary  to  break  a  bar  1"  square  and  1"  between  sup- 
ports. In  ordinary  foundr}'  iron  this  may  be  accepted  as  averaging 
•^56,000  lbs.  as  stated,  but  as  there  is  a  wide  range  in  the  strength  of 
<?ast  iron  or  another  material  may  be  applied,  a  simple  experiment  will 
•determine  the  proper  modulus,  and  according  as  the  result  obtained 
will  exceed  or  fall  below  36,000,  so  will  the  proper  coefficient  in  the 
formula  vary  from  3700." 

A  Treatise  on  the  Strength  of  Ca.st  Iron  Beams,  by  Wm.  TurnbuU, 
L/ondon,  1831,  sjiys:  "  Nom'  it  has  been  found,  by  very  accurate  expe- 
riments, that  a  bar  of  soft  gray  rast  iron,  1  inch  square  and  34  inches 
between  the  supports,  will  bear  a  load  of  300  lbs.  in  the  middle  of  its 
length,  while  the  elastic  force  remains  perfect  (see  Tredgold  on  Cast 
Iron,  Art.  45.)."  Therefore,  by  substituting  these  numbers  in  the  usual 
equation,  and  employing  also  the  usual  notation,  we  have : 

I  S  =  850  6  d' 

And  when  the  beam  is  fixed  at  one  end  and  loaded  at  the  other  we 
have : 

I /^  =  212-5  b  d' 
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Putting  /  ill  iii<ln>.  Mini  (livi(liii;_'  tlii-  l>v  /  we  liavr: 
^,  ^  255(J  h  (P 

If  we  MOW  ciiijiloy  flir'  notation  and  -i/c>  of  tiKitli  ^ivt-n  in  statnufiit 
ab<)V«-,  in  tlii-  la-t  formnia,  an<l  work  it  out  in  the  same  manner  as 
flio'.^'  ill  tlic  tal»l»s,  w«-  will  have  : 

/>,  =  ^ —    =  J()l.{0  =  tht'hJift'strt'3sswithm 

tlic  limits  of  <'lii.<ti<-it\-  wliidi  nia\-  !•«•  n'jH*:itc<llv  put  on  tlii>  t<Mitli. 

From  I'ni(tic:il  Rules  for  tlic  rroj»ortioii>  of  ('<.^r  Wlin-I-.  ami 
Shafting,  l>\  K.  K.  Walker,  of  Ilai^li  Fouu<lrv,  Wiir-an,  Nt\v«-:i>tl»- 
uiidcr-I^yinc,  iKfJH,  we  s<'le<*t  the  following  ol»s4rvation>  an*!  ru)«->, 
ehaii^iti;;  the  notation  : 

'*  'riir  rr-ult>  will  Im'  found  to  ;rive  a  ^«mkI  avcnijir  inar;;iu  of  >tn'n«rtli 
with  ordiiiarv  iiiat<iial>.  Tlic  rules  are  ha-xnl  u|m)U  and  liavr  Imiii 
tc-ttij  l»y  a  larp'  niiinlKr  (»f  examples  in  aetual  0|HTation,  and  tliey 
have  luH'ii  umhI  in  a  <-onsider.ilile  praetiet;  for  s<»me  years." 

"  T<i  Jiiul  the  r.rfrriiii-  xfrain    irfilr/i    tin'    tertli  af  anxi  irhcel  nrr  raiMiUt- 
of   tt<iiiJ<iultfiii(/. 
"Calling A'  =  hrcjikin^  l<Kid  of  t<M)t}i  in  |l.>. 
«S'  =  working 

H  =  indieiiteil  Ijorse-powtr. 
II  =  raditis  of  |M)wer. 
p   =  pit«'li  of  tn-tli  ill  ineJH's. 
/  =  fa«v 

(i  :^  diametrr  of  wIm'<'1  in  imhi»«. 
;i   =  Kpin. 

r  =  s{K>i>ii  of  wluH'l  rim  in  Fp>. 
in  =  .'i  for  very  sh»w  s|H'e<l  without  >htHk. 
=  4  when  rim  of  wlurl  runs     H  F|vs. 

=  5      •'  "  "       0     " 

_  (;       ..  ..  ..      ],,      .. 

=  8  •'  ••  "  i:>  •• 

=  10  "  "  "  20  •' 

=  12  "  "  "  .{(>  •• 

_  14  ..  ..  ..  4,>  .. 

\\C  hav.-  A'  =  '20iH)  p  f'  I 
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"  The  extreme  or  breaking  load  being  found,  and  the  speed  given,  to 
find  the  xcorkinq  load  the  u'heel  shoidd  bear 

la 
"  The  working  load  and  the  speed  being  given,  to  find  the  extreme  or 
f/reaking  load 

X  =  s  ni  a 

"  Find  7n  according  to  ^peed  of  gear  and  .substitute  in  foiinula. 
*'  To  find  the  size  of  teetli  to  carry  a  given  load  in  lbs. 

J^  =  pf  4 

2000 

"  For  bevel  wheol.s  take  the  mean  pitch. 

"  Wheels  of  oixlinan;  breadth  are  iiierea.sed  in  strength  if  shroiiderf 
to  the  points  of  the  cogs  in  the  proportion  of  5  to  8,  and  if  shrouded 
to  the  pitch  line  in  the  proportion  of  3  to  2. 

"Wooden  teeth,  when  the  rims  (jf  the  wheels  run  over  30  Fi)s.,  wilf 
drive  as  great  a  weight  as  cast  iron  of  the  same  dimensions. 

"  To  find  the  strain  on  the  teeth  of  wheels  on  the  shafts  of  engines,  etc. 

Rule  for  single  engines  or  pairs  of  engines  where  th(!  cranks  are 
opposite  to  each  other. 

y  if   864 

S  =  — o 

V 

Rule  for  pairs  of  engines  where  the  cranks  are  fixed  at  right  angles  r 

.,        H  576  " 

>)  =   o 

V 

Rule  for  water  wheels  or  engines  with  uniform  motion,  or  general 
machinery : 

^.  ^  H  550  ^ 


V 

Having  found  the  working  load  or  strain  on  cogs,  proceed  as  before. 


The  amount  of  power  that  may  be  ti'ansmitted  by  geai-s  after  the 
pitch  and  face  have  been  determined  depends  upon  the  speed  of  the 
load  laid  upon  their  teeth,  which,  apart  from  their  size  and  shape, 
opens  up  new  conditions  of  the  problem,  in  which  the  effects  of 
impact,  vibration  and  centrifugal  force  due  to  high  velocities  must  be 
considered  as  modifying  somewhat  both  the  pitch  and  the  face. 

Provision  for  these  conditions  can  easily  be  made  after  the  absolute 
strength  of  the  teeth  is  determined  and  the  eUtstic  limit  definitely 
known. 
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In  practifc,  the  efficiencv  of  u  wlieol,  even  with  ample  pitcli  and 
fiw*',  will  riiiifli  (IcjH-ml  ii|»(iri  the  atruracy  witli  which  the  |>art.s  hold 
their  int<';^rity  of  adjiu-tinent  while  workiiii;;  for  if  the  stress  l>e  lai<l  on 
at  the  corners  of  the  teeth,  tlien  the  ^resit  advantage  to  be  derived  from 
ahnKwi  wheel  is  neoess;irily  lost  and  might  a.swell  have  not  been  providwh 

It  miL'^t  Ih'  admitt^nl  that  the  shajH'  of  the  t<K)th  lias  something  to  do 
with  itt<  strength,  and  yet  no  allowamt*  apjKsirs  to  have  l»e<ri  made  bv 
the  ruleH  tal)ulate«l  alnive  for  such  distribution  of  the  metal,  the  bn-ak- 
irig  strength  being  baMtl  n(K)n  the  pitch  or  tlm-kness  of  the  teeth  at  the 
pit<h  line  or  cinle,  as  if  the  thickness  at  the  nnit  of  the  t«Hi(h  were 
the  name  in  all  «ises  a.s  it  is  at  the  pitch  line. 

There  are  g(MKl  re:L«>ns  for  taking  lut-ount  of  this;  a<-c<»nlirig 
to  one  rule  for  shaping  teeth  the  Hanks  should  lie  within  radial 
planeH,  which  of  course  would  reduce  the  Mx^tion  of  metal  ami 
weaken  the  teeth  atx-ttnlingly  ;  to  another  rule  the  flankn  should  lie 
within  {Kiralh'l  planes,  which  wouhl  comply  fairly  witii  the  terms  of 
thosi'  rules  bast-d  on  the  ttsts  of  s^'mi-lK.':uns  of  uniform  njuan'  !5«"Ction 
throughout  their  length  ;  to  another  rule,  like  Adooek's,  for  example, 
which  makes  the  t<K»th  de<ide<lly  pynimidal  in  form,  with  bnKul  ba^-, 
thereby  greatly  augmentitig  the  strength  of  the  t<jolh,  in  one  case 
me^isuring  2  inches  in  a  pitch  of  2i  inches,  the  com|>arative  strength 
being  for  the  parallel  t<M»th  ('J'")  <.  '-l^i)*,  and  for  the  pyramidal  t<Mtth 
■J-,  or  as  r;i22')  :  4.  All  other  rules  provi<le  for  a  spreading  of  the 
b:ise  of  the  t<K»th  more  or  less  between  these  extremes. 

Even  in  well-shaj)etl  cut  gears  the  nx)t  ()f  tiwh  tooth  Ikls  alM»ut  \ 
additional  metal  more  than  the  section  at  the  pitch  line,  which  would 
augment  the  strength  of  e;ich  t«M>th  in  the  pro|>ortion  of  l^GAG  to  1. 

ISo  tliat  while  the  rule  Ixisetl  on  the  et)g  a**  a  semi-licam  may  n«»t  Ih? 
al>soluteIy  ex:ut,  the  metlnKls  of  ailculation  which  <lo  n<>t  include  the 
root  s«vtion  of  a  t<K»th  are  ver\*  false. 

"  We  know  alre:idy  that  «ich  mjiterial  givw  its  own  figures,"  (juot- 
iug  Weyrauch's  wonls,  and  so  also  do  the  form  <»f  the  t(X)th,  the  fjuv 
x><  atlivteti  by  the  maintenance^  of  adjustment  to  line  an<l  the  unifortnitv 
of  the  velocity  with  which  the  load  is  tnmsmittnl  thnuigh  tJ»e  Uh'{\\. 

"  Tlie  question  is  not  about  thi'oretutil  crotchets ;  and  the  names  of 
the  ex|>erionc<Hi  practical  men  who  have  made  tlx's*'  investig:itions 
>liould  U'  sullitMcnt  warrant  to  thoM'  who  are  without  ex|>eriencc.  Vet 
if  a  new  protx*^  is  to  W  gi'mrnlly  atxvpte<J,  it  nuust  l)e  tJieoretitnllv 
soun<l,  simple  in  applii^ition,  and  not  contratlictory  to  ixist  experience." 
Whole  No.  Vol..  CVIII.— (Third  Serirs  Vol.  lnviii.)  2 
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THE  AMERICAN  RIVER  PADDLE-AVHEEL  STEAMBOAT 
"  MARY  POWELL." 


By  Chief  Engineer  Isherwood,  U.  S.  Navy. 

The  3Iari/  Poivell  is  a  typical  example  of  the  American  paddle- 
wheel  steamboat  employed  on  the  rivers  of  the  Eastern  portion  of  the 
United  Stiites.  The  hull  is  of  wood,  coppered,  and  is  exceedingly 
light  and  shallow,  depending  for  strength  on  an  immense  timber  truss, 
or  "  hog-frame,"  erected  on  each  side,  and  on  a  very  deej)  keelson  sup- 
porting, along  the  centre  of  the  vessel,  poles  rising  many  feet  above  the 
roof  of  the  saloon,  from  the  tops  of  which  sloping  iron  rods  suspend 
the  guards  and  ends  of  the  hull.  Of  course,  such  a  structure  is  suitable 
for  smooth  water  only,  and  the  elegant  saloons  erected  upon  it,  of  light 
joiner-work,  afford  spacious  and  convenient  accommodations  for  the 
crowds  of  j)assengers  carried. 

The  Mari/  Poircll  plies  between  New  York  City  and  Rondout, 
on  the  Hudson  River,  a  distance  of  about  88  statute  miles,  making 
the  round  trip  once  a  day  during  the  summer  "  season  "  of  each  year, 
extending  from  about  the  middle  of  May  to  the  middle  of  October. 
She  i'arri&s  pa.ssengers  only,  and  her  trips  are  made  with  great  regu- 
larity, the  times  of  starting  and  stopping  varying  but  a  few  minutes 
from  her  schedule  time.  Her  draught  of  water  varies  very  slightly 
also,  and  her  speed  throughout  the  entire  run  may  be  taken,  without 
sensible  error,  as  absolutely  uniform.  The  air  resistance  of  the  hull, 
must,  at  its  high  velocity,  be  considerable,  as  the  top  of  the  saloon  is 
about  30  feet  above  the  water,  wiiile  the  immersion  of  the  hull,  exclu- 
sive of  the  keel,  is  only  6  feet. 

There  is  but  one  engine — placed  in  the  centre  of  the  vessel  and 
bolted  to  its  keelsons — and  it  is  as  typical  as  the  hull,  being  a  first-class 
specimen  of  the  overhead-beam,  or  "  walking-beam,"  kind,  used 
exclusively  on  such  steamboats,  the  beam  being  supported  upon  a  lofty 
triangular  gallows-frame  of  wood,  very  stiff  and  very  light.  The 
boilers,  also,  are  peculiar  to  this  style  of  steamboat.  They  are  two  in 
number,  and  placed  outside  of  the  hull  upon  the  projecting  guards 
behind  the  wheel-houses.  This  is  the  only  place  available  for  them, 
and  as  no  more  boiler  space  can  be  obtained  than  there  is  room  for  on 
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these  guard.-;,  their  rate  of  coinbastion  ha.s  to  V>e  forced  enormously  l)y 
powerful  fUii-MnnxTs  U)  furiiisli  sufficient  stciini  for  the  hirjr'-  jK>\ver 
required.  Independently,  t<Kj,  of  the  liuiite<l  .spare  tliat  can  l>e  devottKJ 
to  the  boilers,  no  greater  weight  of  them  can  l>e  allowed,  even  if  more 
space  was  available.  Anthracite  of  small  nut  size  is  burne<I,  giving 
al)out  one-sixth  refuse.  The  vessel  is  coaled  at  Rondout,  and  carries 
just  enough  for  one  round  trij).  The  paddle-wheels  are  of  the  usual 
radial  kind.  For  river  .steamers  carrying  large  numlx-rs  of  pa.s.se'ngers, 
no  .syst<'in,  as  a  whole,  has  ever  Ix-en  devi.sed  efjual  to  the  jKiddle-wheel 
steamboats  of  the  Marj/  Pou-cll  ty|K'. 

The  entire  machinery  with  its  appurtenances,  including  the  water  in 
the  lM)ilers,  weighs  about  210  tons;  the  coal  emlwirkeil  weighs  aUuit 
30  tons;  totiil  in  the  engineer  department,  240  tons,  or  27*2 4  jht 
centum  of  the  ve.s.sers  displacement. 

As  there  is  no  account  to  Im?  found  of  the  j>erformancv  of  such  a 
vessel,  my  frien<l,  the  accom|)lished  engineer,  Mr.  Theron  .Sketd,  havir)g 
<K'<-asion  to  nial<(!  many  trips  in  the  Mari/  Potrrll  during  the  sum- 
mer of  1877,  kept  for  me  an  accurate  reconl  of"  her  running  time 
iM'tween  the  cities  of  New  York  and  Newburgh,  o!»  .«Jtatute  miles  apart, 
together  with  the  boiler  pressure,  vacuum,  teiujHTature  of  the  fee<l- 
water,  revolutions  of  the  motive  and  blowing  engines  bv  counter,  con- 
sumption of  coal,  etc.,  the  coal  being  the  amount  purrhas«.'<l  bv  the 
owner  of  the  boat.  lie  al.st)  took  on  each  trip  a  large  luiiuber  of  indi- 
«itor  diagrams  from  both  ends  of  the  cylinder,  and  made  the  other 
ol)servations  to  1k'  fecund  in  this  article.  The  means  from  all  these 
<liagnuns  are  given  in  the  table  of  "  {nTformanco." 

During  the  round  trip  no  water  was  blown  from  the  boilers,  and 
they  remained  entirely  free  of  scale.  There  mus  no  means  of  ascer- 
t;iining  the  tem|)erature  of  the  giusos  of  combustion  in  tlie  chimnev, 
but  a  i)ie<'e  of  zinc  sus|H'ndcd  therein  at  the  level  of  the  top  of  the 
st*'am-<lrum  melte«l  promjuly,  showing  the  tem|HTature  to  l>e  alntve 
750  degrees  Faiirenheit.  The  temperature  of  the  steam  in  the  l)oiler, 
consideretl  as  .sjitunitnl  steauj.  woidd  U*  272  ilegn-os  Fahrenheit  or 
ujore  than  47S  degress  Fahrenheit  less  than  that  of  the  ga.ses  of  com- 
bustion pjissiug  through  the  steam-drum,  wiiich  dirterence,  tiiken  in 
<'onnection  with  the  large  extent  of  surfa(v  in  tlic  dnuu  and  upjH'r 
part  of  the  uptake,  nuist  have  cau.se<l  a  (M)nsidcrable  .steam  .su|K>rhe:»ting. 
There  wjvs  no  me:ins,  however,  of  ivs<rrtaining  this  fact  quantitativelv, 
but    it  is  believinl   that   the  sui>erheating  was  sufficient  to  prevent  anv 
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steam  condensation  in  the  cylinder  other  than  that  due  to  the  develop- 
ment of  the  total  horses-power. 

In  the  table  of  "  performance "  hereinafter  given  will  be  found 
grouped  all  the  quantities  observed  and  calculated.  The  power  devel- 
oped is  that  of  the  motive  engine  alone,  exclasive  of  the  power  exerted 
by  the  blowing  engines  in  driving  the  fans.  Of  the  latter  power  no 
approximation  can  be  made,  as  these  engines  used  the  steam  greatly 
throttled  but  exhaa'^ted  into  the  condenser.  The  weight  of  steam  used^ 
calculated  from  the  indictitor  diagrams,  is  also  exclusive  of  the  weight 
consumed  by  the  blowing  engines ;  lience,  if  it  be  iu^sumed  that  there 
was  no  condensation  in  the  cylinder  of  the  motive  engine  other  than 
that  due  to  the  development  of  the  total  horses-power,  then  the  cost  of  the 
horses-power  in  weight  of  steam  consumed  per  hour  can  be  ascertained. 
As  the  motive  engine  developetl  1744'884  total  horses-power,  and  as 
the  indicator  accounted  for  .38258'264  pounds  of  steam  consumed  per 
hour  in  its  cylinder,  there  follows  that  the  totiil  horse-power  was 
obtained  for  21 '93  pounds  of  steam  consumed  per  hour. 

The  economic  vaporization  by  the  boiler's  can  be  ascertained,  without 
error  of  ])ractical  importance,  by  assuming  the  weight  of  steam  con- 
sumed by  the  blowing  engine  to  l)e  five  per  centum  of  the  weight 
consumed  by  the  motive  engine.  Adding  this  weight  to  the  38258'264 
pounds  of  steam  consumed  by  the  motive  engine  per  hour,  there 
results  40171"177  pounds  of  steam  evaporated  per  hour,  from  water  at 
the  temperature  of  1 20  degrees  Fahrenheit,  and  under  the  boiler  pressure, 
by  6050  pounds  of  anthracite,  or  6"64  pounds  of  water  vaporized  per 
pound  of  coal.  This,  of  course,  supposes  no  conden.sation  in  the  motive 
cylinder,  which  wa.s  [»robal)ly  the  fact,  an  inference  warranted  by  the 
superheating  of  the  steam,  by  the  above  cost  of  the  total  horse-power 
in  pounds  of  steam  consumed  per  hour  and  by  the  boilers'  economic 
vaporiziition  of  6*64  pounds  of  water  per  pound  of  coal  consumed  at  the 
great  rate  of  39'286  pounds  per  square  foot  of  grate  surface  per  hour. 

In  computing  the  quantity  of  heat  transformed  into  the  total  horse- 
power developed  by  the  expanded  steam,  the  mechanical  equivalent  of 
the  heat  required  to  raise  the  temperature  of  one  pound  of  water  from 
32  to  33  degrees  Fahrenheit  is  taken  at  789^  pounds,  instead  of  Joule's 
equivalent  of  772  pounds.  The  latter  has  long  been  known  to  be  too 
small,  and  the  former  is  the  result  of  the  experimental  researches  of  Tresca 
and  Laboulaye,  endorsed  by  Regnault,  Piobert,  Combes,  Bertrand  and 
Morin.     It  should  be  universally  adopted. 
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Hi  I.L. 
I^njrth  on  tlio  load  watcr-iiin*  from    the  forward  oihrc  of 
the  raMu't  of  tlic  stoui  to  tlic  af'tcr  cd^rP  of  tlx"  stf-rn- 

post,       .....  liiH)  a. 

Extreme  breadth  on  the  load  \vat<'r-lin«%  .  34  ft. 
Dei>tli  of  hold    from  top  of  Hoor-tiinlK-rs  to  mid<T  >idf  of 

di-cl<-i)lank,                 ....  !t,^  ft. 

Depth  from  load  water-line  to  lower  in\^t^  of  rahlx't  of  keel,  ♦>  i\. 

Depth  of  keel  l)elf)W  the  lower  e^lj^e  of  its  rahhet,    .  ')  in. 
Area  of  the  grcjite.st  imnierswl   transverse  seetion  to  h»ad 

water-line,                  ....  H>8"5  w].  ft. 

Displacement  to  load  water-line                  .                   .  8>ilto!is. 

Katio  of  the  lenirth  to  th<'  hreadth,                      .                   .  «-rj2!) 
liatio  of  the  ^reate-st   immeisecl    transverse  .section   to   its 

circum.serihin}:^  j)aralleIo«rram,            .                  .  0*}J73 
Ratio  of  the  displacement  to  its  eireiimserihinj^  panillelo- 

pipedon,    .....  (»•.") -^D 

K.\(;iNK. 

There  is  one  overhead  heam-en^ine  with  a  wocKhn  jj^al low.— frame. 
The  cylinder  is  vertical  and  hius  four  balanced  popjK't-valvc!?,  two  for 
admittin<r  and  two  for  e\'haustin»:;  the  st<-am.  The  steam-valvt5>  func- 
tion also  :ls  expansion  valves  by  means  of  the  me<'hanism  known  ;t-« 
Stevens'  cut-otf.  The  condensation  of  the  sti-am  is  etiwtiMl  in  a  jet- 
conden.'^er.  The  air-pumj)  is  verti("al  and  sinj^K'-acting;.  Th»' «vlinder 
is  not  steam-jacketed  ;  it.s  ends,  its  valve-chests  and  \is  side-pi|>4s  have 
no  protecting  covering,  but  its  cylindriaU  jM>rtion  and  all  the  stcam- 
|)ij)ing  eonneeting  it  with  the  boilers  were  well  covere<l  with  a.slM>st<»s 
lei  ting. 

During  the  |)erformance  hereinafter  given,  the  .•^team-valvt^  clorfiMl 
wheji  (►•|S(i  (if  the  stroke  of  the  piston  was  coniplctctl.  There  w:is  i»ut 
little  t'xhaust  lead,  an<l  the  exhaust-valves  elos«><l  ami  eushione<l  the 
.*<teum  when  the  piston  w:l><  at  n-2.J2  of  its  stroke  from  the  end. 

Number  of  evlinders,  .  .1 

Diameter  of  cylinder,        .  .  .  7J  in. 

Diameter  of  the  piston-riMl,       .  'JJ  in. 

Net  area  ot"  the  piston,  exchisivf  of  tlif  pi^ton-fcMl.      }n.');V»)'J  hi.  in. 
8troke  of  the  piston,  12  ft. 

:Space  displacement  of  the  |)iston  |>c'r  .stroke,  .     337-8U2  cub.  fl. 
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Clearance  of  the  piston,    .  .  .  If  in« 

Capacity  of  stcani-passage  or  nozzle  at  one  end  of 

cylinder,  .      "  .  .  .         8'488  cub.  ft. 

Aggregate  space  in  clearance  and  steam-passage  at 

one  end  of  the  cylinder,  .  .  12'300  cub.  ft. 

Least  diameter  of  the  seat  of  the  upper  disc  of  the 

steam- v^alve,      .  .  .  .       15f  in. 

Least  diameter  of  the  seat  of  the  lower  disc  of  the 

steam-valve,  .  .  .  14f  in. 

Least  diameter  of  the  seat  of  the  upper  disc  t)f  the 

exhaust- valve,  .  .  .  .       14|  in. 

Least  diameter  of  the  seat  of  the  lower  disc  of  the 

exhaust-valve,  .  .  .  15|  in. 

Area  of  steam-port,  exclusive  of  valve-stems,  .     352  sq.  in. 

Diameter  of  air-pump  (single-acting),  .  40  in. 

Stroke  of  air-pump  piston,        .  .  .62  in. 

Bi.owixg-Enoines. 

There  are  two  blowing-engines — one  for  each  boiler — employed  in 
driving  fan-blowers  to  produce  an  artificial  draught.  Each  blowing- 
engine  consists  of  one  cylinder  12  inches  in  diameter,  with  12  inches 
stroke  of  piston,  geared  by  a  belt  to  a  Dimpfel  blower  5  feet  in  diame- 
ter and  32  inches  wide,  which  makes  five  revolutions  to  each  double 
stroke  of  the  steam-piston.  The  steam  is  cut  off  by  lap  on  the  steam- 
valve  at  three-fourths  of  the  stroke  of  the  piston  from  the  commence- 
ment. 

The  delivering-nozzle  of  each  fan-blower  is  connected  by  a  rectan- 
gular conduit  of  sheet-iron  with  the  closed  front  of  the  two  ash-pits 
of  its  boiler,  and  they  receive  the  air-blast  beneath  the  grate-bars. 

Boilers. 

There  are  two  boilers,  one  placed  on  each  guard  of  the  vessel  imme- 
diately behind  the  wheel-house.  They  have  lower  flues  in  direct 
continuation  of  the  furnaces,  with  tubes  returned  above  the  flues  and 
furnaces.  The  two  boilers  have  no  connection  of  any  kind  ;  they 
have  separate  chimneys,  are  fed  separately  with-  both  water  and  air- 
blast  and  deliver  their  steam  through  separate  pipes  into  one  large 
steam-pipe.  The  external  surfaces  of  the  boilers  are  well  covered  with 
asbestos  felting.     The  following  is  a  description  of  each  boiler : 

The  front  portion  of  the  shell  is  rectangular  in  plan,  with  flat  sides 
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and  11  seiJii-cyliiKliital  top.  The  back  portion  is  cvlin<lri(-.il.  with  it.-< 
top  a  liurizoiital  continuation  of"  the  top  of"  the  .semi-<-ylin<lcr  i»t'  the 
front  portion.  'I'lir  front  portion  i.s  10  feet  0  inches  hi<rh,  excUi^ivc  of 
water-pan  !»< math  the  grates,  8  f"e<'t  11  A  inches  long  and  11  leet  wide. 
The  hack  p(»rtion  is  10  feet  in  diameter  and  H>  f'ei't  1  inch  kw^,  with 
its  bottom  9  inches  above  the  bottom  of  the  f"ront  jKirtion, 

The  furnaces  are  two  in  numljer,  eaeli  4  feet  9^  indict  Mride  by  8 
feet  long.  The  crown  is  an  are  of  7  feet  3  inches  nwlias,  joininl  to  tlie 
vcrticid  sides  by  (juadrantal  curves  of  8  inches  radiiLs,  The  fiit  water- 
space  l)etween  the  furnaces  is  fU  inciies  wide,  and  iK-twwn  the  furiuices 
and  shell  5  inches  wide,  including  thicknesses  of  metal. 

The  ojK'ning  for  the  furnace  door  is  semi-<-ircular  on  top,  2"J  inches 
wide  and  22  inches  high.  The  height  from  the  top  of"  the  grate-bars 
to  the  top  of  the  furnace  is  3  feet.  The  bridge-wall  is  7  inches  wide, 
including  thicknesses  of  metal. 

Imme<liately  behind  the  bridge-wall  is  a  combastion-ihamU'r,  sejja- 
rate  for  each  furiuu'c.  Its  <'xtremc  height  is  .'5  f"eet  2  inclu'S  and  its 
length  is  .3  feet.  In  cross-se<'tion  its  outline  follows  the  side  and  top 
of  the  furnace,  the  ciu've  of  the  lower  flue  an<l  <tf  the  (ylii»<lri«-d  part 
of  the  shell,  from  whieli  it  is  separatul  by  a  water-sjKice  '.\\  inches 
wide,  including  thickness(«  of  metal. 

From  the  combustion-chaml)er  to  the  back  sniokcH-oimettion  there 
prtKXjetl,  for  eiich  fiu*nacv,  three  lower  horizontal  cylindri("al  flues  of  16 
inches  inner  diameter,  one  lower  horizontjil  flue  of  14  inclu-s  inner 
diameter  and  one  of  9  inches  inner  diameter.  All  these  flues  are 
9  feet  1  inch  in  extreme  length.  The  leitst  water-sjKUV  U-twivn  them 
is  4h  inches,  including  thicknesses  of  metal. 

The  back  sraoke-connection  is  in  common  for  Intth  furnaces.  It  is 
flat  on  the  top,  and  on  the  sides  and  l)ottom  is  concc-ntric  with  the 
cylindricrid  part  of"  the  shell,  from  which  it  is>  se|Kinitctl  by  a  water- 
space  3i  inches  wide,  including  thickni'sses  of  metal.  The  extreme  height 
is  6  feet  4  inches,  extreme  breadth  9  feet  5  iuclies,  extri'ine  length  3 
feet  7.^  inches,  all  in  the  clear.  The  flat  water-spaci'  U'twcen  the  end 
of  the  connei'tion  and  the  shell  is4i  inches  wiiie,  including  thicknc:*«cs 
of  metal.  Access  is  had  to  the  connection  througjj  a  manhole  i»f  18 
inches  diameter  in  the  back  end  of  the  Imiler. 

From  the  back  smokc-coiuiection  to  the  uptake  theiv  are  n.-turn<Hl 
over  the  lower  Hues  and  the  furnaces  80  horizontal  fire-tuU's*  of  4 J 
inches  i>utside  iliameter  and  4*30   inches  inside  diameter;  length,  16 
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feet  6  inches.  The  tubes  are  distributed  in  5  rows  vertically  and  16 
rows  horizontiilly.  The  least  distance  from  centre  to  centre  of  tubes, 
both  vertically  and  liorizontally,  is  6"357  inches.  Tlie  space  in  the 
clear,  between  the  bottom  of  the  lower  row  of  tubes  and  the  furnace- 
crown,  is  7  inches.  The  height  from  the  top  of  the  upper  row  of  tubes 
to  the  bottom  of  the  lower  row  is  2  feet  4  inches.  The  lieating  surface 
of  the  tubes  is  calculated  for  their  inside  circumference,  which  is  also 
the  case  for  the  flues. 

The  uptake  is  in  common  for  all  the  tubes.  The  lower  portion  is 
rectangular,  8  feet  8  intthes  in  extreme  breadth,  55  inches  in  extreme 
width  to  the  front  of  the  shell  and  31  inches  in  height.  It  is  fitted 
with  the  usual  uj)takc  doors,  giving  ac(;ess  to  the  tubes  for  sweeping. 
The  upper  portion  is  irregularly -shaped,  drawing  in  to  a  circle  of  50 
inches  diameter  at  the  top  of  the  shell. 

From  the  top  of  the  uptake  rises  the  chimney,  50  inches  in  inner 
diameter.  The  lower  portion  of  the  chimney,  for  a  height  of  12  feet 
above  the  top  of  the  shell,  is  surrounded  concentrically  by  a  steam- 
drum  of  90  inches  diameter,  with  a  flat  top.  The  portion  of  thechim- 
nev  so  surrounded,  together  with  the  upper  portion  of  the  uptake,  is 
steam  superheating  surface. 

All  the  flat  surfaces  of  the  boiler  are  braced  every  7  inches. 

The  following  are  the  principal  dimensions  and  ])roj)ortions  : 
Number  of  l)oilers,  .  .  .2 

Extreme   length  of  boiler,  Qxclasive  of  projecting 

steam-drum,  ...  25  ft.  |  in. 

Extreme  height  of  boilers,  exclusive  of  steam-drum,       10  ft  9  in. 
Extreme  breadth  of  boiler,      .  .  .11  ft. 

Height  of  steam-tlrum  above  the  boiler-shell,  ]  2  ft. 

Projection   of  steam-drum  forward  of  the  boiler- 
shell,         .  .  .  .  1  ft.  ^  in. 
Total  numl)er  of  furnaces,        .                  .                  .4 
Width  of  furnace,            .                  .                  .                  4  ft.  9|  in. 
Length  of  furnace,                     .                  .                   .8  ft. 
Aggregate  area  of  grate  surface,       .                  .              154  sq.  ft. 
Number  of  lower  flues,            .                 .                 .20 
Lenjyth  of  lower  flues,     .                   .                  .                   9  ft.  1  in. 
Inner  diameter  of  lower  fluas,   .      4  of  9  in.,  4  of  14  in.  uiul  12  of  16  in. 
Number  of  tubes  (iron),  .                   .                  .               160 
Length  of  tubes,      .                  .                  .                  .16  ft.  6  in. 
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OutBide  diameter  of  tul)e«,                 .                  .  U  in. 

Inside  diiinu'ter  of  tulxw,          .                   .                   .  4*.'i<)  in. 

IjeJist  space  Ix-tween  tnhes,  in  the  clear,              .  l'M/J7  in. 

Afjj^re^ate  area  of"  heating  snrfa<*e  in  the  iiiiiiace>,  .  4njMH)  ?*\.  ft. 
Aggrepite  area  of  heating  snrfa<f  in  the  <'<»inl)us- 

tion  chanihers,           .                   .  2«)"JMM)  S4|.  li. 

Agj.jregat<' area  of  lieating  surface  in  tlie  lower  tlues,  .'i.'JS-(M)  ><).  ft. 
Ajjjgrof^atearea  of  lieatinj^surfac*  in  the  l»a<l<  sniok*'- 

eonnections,       ....  «)"J"7<>  xj.  It. 

Af^j^regate  area  of  heating;  surface'  in  the  tnl)cs,  'J1>71"I)4  s<j.  fi. 
Aj^j!;regate  area  of  heatiii};  .•surface  in  the  uptak(is,  to 

9  inches  above  tnhes,                  .                   .  i'uTy'.Mh  s<j.  \\. 

Totiil  water-heat in«;  snrface,     .                   .                   .  472<r(M»  S4|.  ft. 

Aggregate  area  of  steam  superheating  surface,  -4lS(M»  S4j.  ft. 
Distant*  tmversed  l»y  the  gases  of  eoml)ustion  froni 

the  ceutre  of  the  furnace  to  their  delivery  into 

the  ujttake,                  .                    .                    .  JO  ft. 

Diameter  of  <'hinineys  (two  in  ininiher),  .                   .  4  ft.  '1  in. 

Height  of  (•iiimneys  alM)ve  level  of  grates,       .  h'l  ft. 

Aggregjite  cross-area  over  hridge-walls,  for  draught,  'J2*5<X)  s<j.  ft. 

Aggregatecross-area  through  lowertulM><,for(lraught,  "J2'7}>.S  S4j.  t*t. 

Aggregate  cross-area  through  thetuhes,  for  draught,  KM.'UJ  s<j.  ft. 

Aggregate  erass-area  of  the  chiniMev-                         .  27""J72  >^|.  ft. 

PKoivturioNs. 
^Square  feet  ot"  water-heating  surface  per  xpiare  \\u>\  cit"  Lrnite 

surface,  .....  .'iO-558 

Square  feet  of  steam  superheating  surface  |m  r  S4juare    toot  of 

gmte  surface,  .  .  .  ,  •J-71  1 

^juare  fe<'t  of  gmte  surface  per  stpiare  to<»t  of  area  over  Kridge- 

walls,  .....      tisH 

iSquare   feet  of  grate  siu'fai-e   per  S4piare   fo. .t   ..t'  area  through 

lower  flues,  ....  «>-7")0 

iSi|uare  feet  of  grate  surface  |»er  -.<|uare  foot  of  arwi  through  ttdx-s,     !)  r)44 
S(piare   feet  of  gnit<'  surface   per  s<piare   f'lMtt  of  area  through 

chiinncN  >,  .  .  .  .      o  tl  }7 

r.\lM>I.i:-\N  IIKKI>. 

The  paddIe-whei'l.-«  are  o|"  the  ordinary  ra«lial  kin<i 
Diameter  from  i)utside  to  outside  ot"  jwuldltw,  .  .   '.\\  ft. 
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101  ft. 

ft. 

ft. 


If 
31 


Number  of  paddles  in  each  wheel,  . 
Leng'th  of  each  paddle, 

Breadth  of  each  paddle,  .... 
Deepest  immersion  of  outer  edge  of  paddles, 

Performance. 
The  following  is  the  average    performance  of   the    Mary  Powell 
l)etween  the  cities  of  New  York  and  Newburgh,  on  the  Hudson  River,, 
during  the  summer  of  1877.     The  running  was  very  regular,  the  devi- 
ations at  anv  time  from  the  mean  being  very  slight. 

(  Vessel's  mean  draught  of  water,  in  feet,  ,  .  6J; 

Vessel's  greatest  immersed  transverse  section,  in  square 

feet,  .....  198-6 

,   Vessel's  displacement,  in  tons,  .  .  .  881 

Deepest  immersion  of  the  outer  edge  of  the  paddles,  in 

feet,  .....  3-50 

Diameter  of  the  paddle-wheel  between  centres  of  pres- 
sure of  the  paddles,  in  feet,  .  .  .  29*50 
f  Steam  pressure  in  boilers,  in  pounds  per  scpiare  inch 

above  the  atmosi)here,     ....  28'5 

Proportion  of  the  throtth-valve  open,        .  .  0'75 

Fraction  of  the  stroke  of  jnston  completed  when  the 

steam  was  cut  off,  ....  0*486- 

Fraction  of  the  stroke  of  the  piston  to  be  completed  when 

the  stt^am  was  cushioneil,       .  .  .  0'232 

Number  of  times  the  steam  was  expanded,      .  .  1*984 

Vapor  pressure  in  the  condenser,  in  pounds  per  square 

inch  above  zero,         ....  2*4 

Number  of  doul)le  strokes  made  by  the   piston   per 

minute,  .....  21"8    ■ 

Tenqjcrature  of  the  injection-water  in  degrees  Fahren- 
heit, .....  68 

Temi)erature  of  the  feed-water  (hot-well)   in  degrees 

Fahrenheit,        .....  120 

Number  of  doul)le  strokes  nuvde  per  minute  by  the  pis- 
tons of  the  blowing-engines,  .  .  75 

Number  of  revolutions  made  per  minute  by  the  fan- 
blowers,  .....  375 

Air  pressure  in  the  fan-blower  conduit,  in   inches  of 

water,  above  the  atmosphere,  .  .  1^ 

Steam  pressure  in  cylinder,  in  pounds  per  square  inch 

above  zero,  at  beginning  of  stroke  of  piston,  .  41'42 

Steam  pressure  in  cylinder,  in  pounds  i)er  s((uare  inch 

above  zero,  at  point  of  cutting  off  the  steam,   .  31"34 

Steam  pressure  in  cylinder,  in  pounds  per  square  inch 

above  zero,  at  end  of  stroke  of  piston,        .  .  16"42 

Mean  back  pressure  against  the  piston,  exclusive  of  the 

cushioning,  in  i)Ounds  per  square  inch  above  zero,  3*55 

Mean  back  pressure  against  the  piston,  inclusive  of  the 

cushioning,  in  i)ounds  per  square  inch  above  zero,  5*31 

;Mean  indicated  pressure  on  the  piston  in  pounds  per 

square  inch,  ....  24*42 

<^  -^       Mean  net  i)ressure  on  the  piston  in  pounds  per  square 

^r!  inch,     ......  22-92 

r^       Mean  total  pressure  on  the  piston,  exclusive  of  the 

cc       t         cushioning,  in  pounds  per  square  inch,  .  27-1& 
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'  Indiaited  horsoH-jiower  «U'VI'I«)|»(mI  hy  the  fii^fiiu-M, 
Ni't  li<»rs»'s-|M)\vfr  flcvrloiu'd  l»y  tlu'  i'ii>fiiH-s, 
Total  li(irs(s-|>o\\(r  <li-vi-l<)pe«i  hy  the  ^•ll^;iMe>^,  rx<'lusivr 

of  tlu-  cusliioiiiii^r.  .... 

Horst's-powor  cKiM-ndi'd  oii  tlie  <usliii>Miii^'  aloiu-,  iil»oVf 

zrro,  ..... 

H<»rs('M-| lower  e.\|»cn<l<'d  on  the  euslliollill^r  alone  aliove 

the  I  »aek-|  tress  lire  of  ."l".")")  ]ioiinds   per  s<juare  iiM-h 

iipiinst  the  |)istoii,  .... 

^5    f  l**>iiii<l^  *••  anthraeiti'  eoiisimied  p<r  hour, 

]'ouii<l>  of  anthracite  consumed  ptr  hour  p<r  s<iuare 

fool  of  j^rate  surface,     .... 

pounds  of  anthracite  consumed  per  hour  per  square 

foot  of  \vat«r-heatin^  surface, 


Oi:; 


OPq 


Pounds  of  anthrtieite  eonsumed  jter  hour  p»r  indicated 
horse-power,       ..... 

Pouiuls  of  ant  liraciic  consumed  per  hour  per  net  horsi"- 
OX'    '  IM)wer,  ..... 

oy    I    pounds   of    atithracit«-   consumed    per    hour   i>er   total 
Wp5    [  hors«'-po\ver,       ..... 

Hpeed  of  the  vessel  per  hour  in  statute  ndh-s  of  .')iis(i  feet, 
Hpeed  of  the  ves.sel  pi-r  hour  in  ^;eo^rrallhieal   mili-s  of 

()OS(i  feet,  ..... 

Slip  of    the  centre   of    pr«'-isure  of    tlie   padiile   in    per 

centum  of  its  spi-cd, 

Fahrenheit  utdts  of  heat  transforme<l  per  hour  into  the 
total  horses-power  develo|)ed  hy  tlu-e.\panded  steuni, 
calculat«'d  tor  the  m«-ehanical  e<pnvaUnt  of  one 
Fahrenheit  unit,  7.s!»]  jtounds  raised  one  fiM)t  hi^h 
per  ndnute,  ..... 

Pounds  of  stiam  of  the  hoiler  pressure  required  to  he 
evaporatecl  from  water  at  the  temptrature  of  12<t 
decrees  l-'ahrenheit,  to  contain  the  ai>ov»'  nund>er 
of  Fahrenheit  units  of  heat, 

Pounds  of  steam  supplied  per  hour  liy  the  holler  to  tlu- 
cylinder,  calculated  from  the  pressure  at  the  eiul  of 
the  stroki-  of  till'  piston  and  from  tlu-  hack  pressuri' 
cushioned,  ..... 

Sum  of  the  two  inimeiliately  preeedln^  ({Uuntitles,  or 
weiirht  of  steam  in  |iounds  eonsumed  per  hour, 
according  to  tile  indicator, 

Pounds  of  steam  cushione«l  per  hour. 
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l.V>i».4.{2 
147.{<»2y 

1744-884 
11.5112 
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German  Scientific  Credulity. —  Tlie  well-known  (tennaii  pnv- 
f'osyors,  Feelimr,  \\  el»er  aiul  Schcrltner,  have  addeil  their  testimonv  to 
that  of /oUiur,  in  favor  of  the  "  spiritualistie  "  iiu-<li(nnship  of  Slade. 
In  reinarkinir  upon  Zolhier's  curious  iiietluHl  of  aoctmiitin^  ft>r  the  phc- 
uomt'iia  Ity  supposin>r  an  unkmiwn  f<tiirth  iliinoiision  of  sjmico,  Ti.ssaii- 
(lier  thinks  it  .str.uiire  that  men  who  mviipy  s^uue  of  tlie  nnvst  iin|>ort:in 
chairs  of  tlie  Gernuui  rniversity  shoiihl  Ix?  so  c:tsilv  tkivivi-tl. — />i 
Nature.  C. 
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HARMONIC  AND  "  BASIC  "  LINES  AND  TENDENCIES. 


By  Pliny  Earle  Chase,  LL.D., 

Professor  of  Philosophy  in  Haverford  College. 


From  the  third  law  of  motion  it  follows,  as  a  necessary  consequence, 
that  cosmical  and  molecular  bodies  act  and  react  in  accordance  with 
laws  of  perfect  fluidity  anil  of  perfect  elasticity.  Hence,  by  introducing 
formulas  of  hydrodynamic  and  of  undulatory  motion,  results  can  often 
be  speedily  reached  which  would,  otherwise,  require  the  use  of  long  and 
■difficult  analytical  processes. 

Challis,  in  the  Philosophical  Magazine,  has  discussed  a  great  variety 
of  gravitating,  electrical  and  thermal  jihenomena,  from  hydrodynamic 
■considerations,  Norton,  in  the  American  Journal  of  Science,  has 
applied  the  principles  of  pneumatics  to  similar  interpretations.  The 
whole  theory  of  thermodynamics  rests  mainly  upon  simple  laws  of 
motion,  which  may  be  readily  deduced,  as  corollaries,  from  the  funda- 
mental j)ro}K)sitions  of  "  Newton's  Principia." 

In  the  Monatsbericht  of  the  Berlin  Academy  for  September  and 
October,  1878,  M.  Paalzow  d,e.scribes  a  method  of  determining  the 
fundamental  lines  of  the  oxygen  spectrum  with  great  precision,  and 
publish&s  the  wave-lengths  of  the  five  most  persistent  lin&s,  which  he 
regards  as  specially  characteristic.  His  measurements  arc  given  in 
millionths  of  a  millimetre,  in  the  following  table,  together  with  three 
other  series,  which  serve,  by  comparison,  to  indicate  the  influence  of 
two  co-ordinate  laws : 

Paalzow.  Harmonic.  Reciprocal.  Geometrical. 

Oa  602  G02  601-91  599 

O^  558-2  558-24  558-27  559 

Or  519  519-24  518-74  520 

O^  481  481-10  480-87  484 

Oe  453  452-77  452-87  451 

In  the  harmonic  series  if  we  divide  the  first  term  by  each  of  the 
successive  terms,  we  get  the  partial  harmonic  progression,  \,  ttuttt > 
T^iVgr?  1  2^5 13>  TTSTT^-  -^^'^  harmonic  denominators  are  equiva- 
lent to  1,  1  +  29a,  1  +  59a,  1  +  93a,  1  +  122a,  the  fir.st  difference 
(29a)  being  also  the  final  difference  (122a  —  93a  =  29a). 
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The  reciprcK^l  series  is  obUiined  by  multiplying  1'6468  successively 
by  365*5,  .'W9,  315,  iJO'i  and  275.  The  derivation  and  signifiwince  of 
the  common  factor,  r<J4(JS,  will  be  explained  Ir-Iow. 

The  terms  in  the  ge<jmetrical  .series  are  in  geometrical  progression. 

The  arithmeti(5il  meims  between  the  harmonic  and  recipnxal  values 
are  almost  idonticjil  with  Pjuilzow's  measurements.  The  greatest  differ- 
ence is  less  than  i^^  of"  one  per  cent.,  in  ()=.  The  l«u<t  difference  i> 
3-}-y  of  one  per  cent,  in  ( );-.  The  other  differences  ninge  between  yj^ 
and  y^jj  of  one  j)er  cent. 

In  previous  communications  ui)on  s|)ectnil  harmonics,*  I  have  shown 
that  the  Frauenhofer  lines  of  the  solar  spectrum  represent  exiK)nential 
or  geometricid  values,  while  the  planetiiry  |M>sitions  re[)resent  linear  or 
arithmetical  values,  in  scries  which  arc  determined  by  the  relatiotis 
l>ctween  density  and  altitude  in  elastic  atm<»sphercs. 

I  have  also  shown,  elsewhere  :t  1.  That  the  collisions  of  8ul>si<ling  par- 
ticles from  opj)ositc  diametrical  extremities  of  a  c(»ndensing  s[)herical 
nebula,  tend  t<t  form  shells,  or  rings,  of  luxlal  aL'L'rcLratioii.  at  '\  of  the 
Rulial  distance  from  the  centre  of  the  nebula. 

2.  That  ciMitres  of  linc:ir  an<l  sphcTical  os<'illation  exert  an  imjMtrt- 
ant  influence,  iKith  up<»n  molar  and  mohnular  arr.uigements. 

3.  That  the  n(Klal  resistance  of  largt?  cosmical  iMxlies  tends  to  form 
other  iKKlal  jiggrcgations,  at  harmonic  intervals,  in  m-t-onlance  with  the 
laws  of  musical  rhythm  which  govern  the  vibnitions  of  el:b«tic  m(HHa. 

4.  That  there  are  reju<ons  for  anticipating,  in  the  furuLimental  os<^il- 
lations  of  chemical  element^,  symmetric:U  harmonic  evidences  of  the 
sjime  laws  jf^  govern  the  harmonic  n(xKs  of  ehu'^tic  tnetlia  and  the  har- 
monic grouping  of  planetary  systems. 

5.  That  in  cosmicjil  or  molecular  :iggregJition  near  the  fo<i  of  par- 
aboloids, there  are  three  wave  .systems,  with  teiuiencio  to  iukUiI 
(vllisions  and  the  formation  t)f  orbits  in  which  the  major  axes  havi- 
suctvssive  differences  of  four  time's  the  f(K-al  alwiss:!. 

<).  That  centrifug:d  vehn-ity  varies  jl-^  the  fourth  jMtwer  of  tangen- 
tial vel(H'ity  in  a  circular  orbit. 

The  distaniv  of  projection  ag-ainst  lethereal  or  other  iinifVirm  resist- 
ance is  pro|)ortioned  to  the  prtyectile  rw  riro,  or  to  the  squan*  i»f  tlu* 
proje<'tile  veliH'ity.     The  meiui  via  viva  of  tlie  spherirtd   untiulationh 

*ThU  Journal,  (.V-tober,  1S77,  p.  284,  etc. 

t  PtxxxHxlinjpi  Am.  Phil.  S<.k'.,  volumes  xii-xviii. 
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which  are  generated  by  Earth's  reaction  against  Sun's  action  tends,  by 
the  laws  which  govern  the  moment  of  inertia,  to  form  a  node  at  "4  of 
Sun's  distance  from  Earth,  or  at  "6  of  Earth's  mean  radius- vector. 

According  to  Dr.  Fuhg's  estimate,*  deduced  from  6827  measure- 
ments of  Sun's  apparent  diameter,  Earth's  distance  from  Sun  is 
214"524  solar  radii,  and  Nei)tune's  distance  is  6442*985  solar  radii. 
Having  already  seen  that  the  Fraunhofer  line  A,  with  a  wave  length 
of  7612  ten-millionths  of  a  millimetre,  is  the  exponential  correlative 
of  the  planet  Neptune,t  we  rwidily  find  that  Earth's  mean  reaction 
against  Sun's  action  may  be  represented  by  a  wave-length  of  421 5*8. 
For,       log.  6442-085   :    log.  '6  X  214-524   :  :    7612   :    4215-8. 

If  we  regartl  this  reactionary  value  as  a  fundamental  wave-length 
for  terrestrial  chemical  elements,  we  may  also  (by  laws  5  and  6)  regard 
{^y  of  4215-8  =  16-468  as  a  fundamental  increment  for  such  harmo- 
nic undulations  as  may  be  excited  in  an  clastic  medium  by  inertial 
resistance. 

We  have  seen  in  the  foregoing  comparative  table  the  influence  of 
this  fundamental  increment  upon  the  oxygen  lines.  Multij)les  of 
the  same  increment  also  appear  in  the  diflerences  between  the  wave- 
lengths of  other  elementary  spectra  and  in  Lockyer's  "  basic  lines." 
Take,  for  example,  Gibbs'  groupings  of  corresponding  lines,|  in 
Xirchhotf' s  and  Huggins'  measurements  of  the  spectrum  of  arsenic  : 
Kirchliort'.  Huggins.  Normal. 

617-54  617-67  617-54 

611-69  611-67  611-69 

578-95  578-73  578-75 

533-55  533-41  53355 

In  the  normal  column,  the  shortest  wave-length,  533*55  =  2^  X  3* 
><  1-6468;  617-54  —  533-55  =  51  X  1-6468  ;  611-69  —  578-75  = 
"20  X  1*6468 ;  the  second  set  is  harmonically  connected  with  the  first, 
for  617*54  -r-  611*69  =  1  +  *009575,  and  617*54  -^  578*75  =  1  + 
7  X  "009575  ;  the  only  difference  between  Kirchhoff's  and  the  normal 
lines  is  lass  than  -t^^  of  one  per  cent. ;  the  normal  difference  is  precisely 
equivalent  to  Kirchhoff's  in  the  first  set,  and  to  Huggins'  in  the 
second ;  the  sura  of  the  extreme  lines  is  the  same  in  each  column 
(617*54  +  533*55  =  617*67  +  533*41). 

*  Astron.  Nachr.,  2040. 
fThis  Journal,  he.  cit. 
X  American  Journal  of  Science,  [2],  xlvii,  211. 
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The  group  of  corresponding  lines  in  the  .si)e<'trinn  of'/.inc*  exhibits 
a  similar  arronlance : 

Kircliliofl'.  Iltiggins.  Normal. 

636-99  637-37  63699 

610-64  61  (1-89  610-64 

589-90  589-90  589-55 

472-25  471-98  472-31 

In  the  normal  (011111111,  <)3«)-9!>  —  ()10-61  =  2'  ■  1-64»;.S;  »Jl(>64  — 
472-31  =  84  V  1-6468;  6.36-99  —  472-31  =  10-  X  16468;  589-55  = 
^58  X  1-6468.  .^V.s  in  the  foregoing  instiinoe,  the  .sums  of  the  extreme 
lines  are  nearly  equal  in  all  the  eolumn.s. 

Kirchhoffs  copper  lines  f  .show  a  morecompli('ate<l  arrangement : 

Kirchhofl".  Normal. 

578-67  578-67 

529-30  529-27 

522-24  522-21 

465-61  465-75 

In  the  normal  <olumn,  578-67  —  529-27  =  3<)  ■  r646S  =  a  ,- 
^29-27  -  522-21  =  y  =  f^ ;  522-21  —  465-75  =  a  -r  h. 

Lockyer  has  ]»iil)lisli»'(l  eight  "  basic  lines,"  which  he  reg-ards  as 
especially  imp(»rtant,]:  and  which  furnish  farther  illustrations  of  these 
varioiLS  harmonies,  .some  of  which  1  foretold  ten  years  ago.ji  His 
lines  are  given  in  the  following  table,  together  with  oorresiK>n<ling 
theoretical  lines,  which  consi.st  entirely  of  .symmetric-al  multipks  of  the 
fimdamental  increment : 

Theoretical.  Lockver's  Lines. 

(4*  +  S'  -\-  3')  X  16-468  =  5418-0  '5416 

(4*  +  8')  X  16-468  =  5269-8  5269 

5268 
<4*  +  7»  +  3^  +  2«)  X  16-468  =  5236-8  6235 

(4*  +  72  +  3»)  X  16-468  =  5170.-9  b' b* 

(4*  +  7')  X  16-468  =  5022-7  5017 

4'  X  16-468  =  4215-8  4215 

My  investigjitions  have  l)een  entirely  indejwndent  of  Ixwkyer's,  and 

*//>..  p. -21 -J. 

t  Ih.,  p.  207. 

tPriK'.  Roy.  .S,K'.,  January,  1879. 

11  Proc.  Amer.  I'iiil.  S.,.,  x.,  103;  xii.,  39*2  s.m.;  xiii.,  '24.') ;  xvi..  -".u: 
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I  was  not  aware  until  I  learneil  by  the  announcement  of  M.  Dumas^ 
in  the  Comptes  Rendus,  that  the  distinguished  English  spectroscopist 
had  obtained  any  results  which  would  confirm  my  anticipations.  There 
has  been,  therefore,  no  possible  opportunity  for  shaping  my  theory  so 
as  to  accord  with  the  facts.  I  simply  showed,  upon  mathematical 
grounds,  what  must  be  the  tendencies  resulting  from  the  mutual  action 
and  reaction  of  well-known  forces.  None  of  the  evidences,  which  I 
have  here  adduced,  were  either  known  or  suspected  to  exist  when  I 
published  my  papers.  These  accordances,  therefore,  have  a  double 
value,  for  they  furnish  the  physical  proof,  which  is  most  satisfactory^ 
of  a  priori  conclusions,  and  they  show  that  Lockyer's  theories,  in  addi- 
tion to  the  evidence  which  convinced  his  own  min:l,  have  tlie  corrob- 
orating support  of  principles  which  are  operative  wherever  a  ray  of 
light  can  go  and  wherever  a  physical  action  can  awake  an  equal  and 
opposite  reaction. 

In  comparing  the  two  sets  of  wave-lengths  in  the  foregoing  table, 
we  see  that,  while  there  is  the  general  accordance  which  gives  tlie  most 
satisfactory  indication  of  natural  law,  there  is  sufficient  deviation  from 
precise  coincidence  to  show  the  desirableness  of  fiu'ther  investigation, 
in  order  to  secure  the  greate^^t  possible  accuracy  of  measurements,  and 
to  eliminate  the  effects  of  disturbing  influences.  In  two  instances 
theory  gives  only  a  single  line  (52t)9*8  and  5170'9)  to  represent  two 
lines  or  a  doubUxl  line  in  Lockyer's  system  (5269,  5268,  63,  h^.  I  can 
think  of  no  more  probable  reason  for  such  doubling  than  a  modifica- 
tion of  the  other  activities  by  centripetal  collisions,  in  accordance  with 
the  first  of  the  foregoing  principles.  The  central  line  of  the  five  theo- 
retical incremented  lines  (5236*8)  represents  §  of  the  interval  between 
the  theoretical  representatives  of  the  doubled  lines  (5170*9  and 
5269*8). 

Lockyer  does  not  give  any  estimate  of  the  wave-lengths  of  63  and  64. 
Gibbs  gives  5177  as  the  wave-length  of  the  b  line.  All  the  theoreti- 
cal incrementiil  multipliers  are  integral  scpiares  representing  thermody- 
namic increments  of  vis  viva,  or  of  inertial  moment,  which  corres- 
pond both  to  increments  of  temperature  and  to  distance  of  projection 
against  uniform  resistance.  The  diiference  between  the  initial  incre- 
mental coefficients  in  the  two  sets  of  symmetrical  lines  (8^  —  7^)  is  15. 
The  greatest  square  in  15  is  3^,  which  is  the  first  supplementary  incre- 
ment of  the  coefficient  in  each  set;  the  greatest  residual  square  in  15' 
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—  3^  is  2*,  wliicli   is  the  sfcoiid  snpplcnieiitary  increinent   in  the  first 

The  ^rejitewt  actual  ditUretx-c  lM.*t\veeii  the  theoreticiil  and  Ixxkycr's 
inejL'<ur<'(l  vahies  (o022"7  —  5017  =  5'7)  »•'*  <>nly  ^g^j^O^ij-j^j^  <)l'an  inch. 

ThJH  is,  however,  nearly  35  per  cent,  of  the  fun<hitnental  increment, 

a  (l<'viation  wliich  would  tiiaterially  attect  the  cre<lil)ility  of  the  theory 

if  only  the  simple  incrcnicnt  in  this  single  instanct*  w<'re   in   (jui-stion. 

Hut  tiie  deviation  is  only  ^  of  one  |)er  cent,  of  the  multiple  increment, 

which  the  law  of  symnjetry  recjuires,  (7*  ' <   IG'HJS),  and  less  than  <»ne- 

ciii;hth    of   one    jK-T    cent,  of    the  totJil    wave-lenj^th.      If    w<'  re<luco 

<ach  of  the  theoreticjil  values  about  i^'j  of  one  |ier  cent.,  by  <lividing 

by  1'00028,  the  general  closeness  of  accordance  will  be  more  rcjulily 

seen. 

Kwluced  Thcoretifal.  Measiirwl. 

5416  54 1<) 

52G8  5209 

52(J8  '  6268 

5235  5235 

5021  5017 

4215  4215 

In  my  paper  upon  the  "  Mu>i<-  of  the  Spheres,"*  I  showe<I  that  the 
positions  of  the  various  primary  planets  are  more  acx-urately  represented 
by  thes*^  laws  of  harmonic  os<'illation  than  by  either  of  the  merelv 
empiricjil  scries  that  luive  been  dovis^il,  and  even  more  acx'uratelv  than 
by  Peircre's  phyllotiictic  series,  whii'h  comi's  next  to  my  own  in  oi.hr 
of  |)recisiou,  and  whi<'h  mav  also  1h'  i-xplaiiunl  bv  harmonic  ti'inleneies 
that  were  j)ointed  (»ut  by  Laplace  in  his"  Me<"ani<pie  Celeste."  I  have 
since  pul)lished  various  confirmations  of  justronomiail  predictions,! 
which  it  may  l)e  well  to  colU>ct  and  rejH'jit  in  this  coiuuvtion,  but  in 
order  io  corrcrt  s<^»me  erroneous  impressions  in  n-pml  to  the  chanu't«-r 
of  the  anticipations  and  in  onler  tt)  show  the  remarkable  pt.norality  of 
the  inHuenct>s  whii'h  have  just ifie<l  foreixists  in  such  different  fields  of 
investi<;ation,  I  u:ive  Ih'Iow  the  thre*'  known  terms  on  which  the  pre- 
diction w;u*  foundol,  toother  with  eleven  sul>se<pjent  vtTifi«-ition>.and 
one  missinir  term  represtMiting  aneeess!ir\-  tendency  which  is  mathemat- 
iwilly  demonstrable  and  which,  I  am  confident,  will  be  heniifter  vcri- 

*  This  Joiimal,  SfpU-mlHT,  1S77. 
t  lb.,  CVt..  Nov  ,  187S;   Marth.  1879. 

WiiOLK  No.  Vol.  ("VIII.— (Third  Serkx,  Vol.  Ixxviii.)  8 
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fied.     The  numerator  a  represents  |  of  Jupiter's  semi  -axis  major,  in 
accordance  with  the  first  an  J  fourth  of  the  foregt)ing  principles. 


405 
a 
609 


Prediction. 

Verification. 

=  3-469 

Asteroid  87 

3^482 

•694 

Venus,  mean 

perihelion 

•698 

•385 

Mercury,  mean 

•387 

•267 

De  Ui  Rue,  Stewart  and  Loewy 

•267 

•204 

Kirk  wood 

•209 

•183 

Watson,  II. 

•180 

•165 

"        I. 

•164 

•139 

.     . 

.  .  . 

•120 

Von  Oppolzer 

•123 

•105 

Helios 

•106 

-          -0196 

Themis 

•0196 

-          -0108 

Eunomia 

•0108 

•0074 

> 

Piiaos 

•0075 

-          ^0057 

Ivychnis 

•0056 

-          ^0047 

Sun's  surface 

•0047 

753 

It  has  been  urged,  as  an  objection  to  this  series,  that  the  existence  of 
any  intra-mercurial  planets  is  still  a  mooted  question.  The  objection 
may  be  answered  as  follows : 

1.  Mv  investigations  have  been  limited  to  the  demon.stration  of 
tendencies.  After  I  had  found  that  the  influences  of  harmonic  t)scil- 
lation  were  traceable  from  A^pha  Centaur i  to  the  solar  system,  and 
also  in  the  position  of  all  the  known  planets  and  satellites  within  our 
system,  it  was  evident  that  those  influences  <lo  not  stop  at  the  orbit  of 
Mercury,  but  that  they  must  ex'tend  to  the  Sun.  There  was,  there- 
fore, little  risk  in  ])redicting  that  evidences  of  such  intra-mercurial 
activity  would  be  found.  This  prediction  was  completely  verified 
when  De  la  Rue,  Stewart  anl  Loewy  announced  the  discovery  of  their 
sun-spot  period,  with  its  alternating  northern  and  southern  maxima. 

2.  Tendencies  of  one  kin  1  are  often  modified  or  completely  over- 
ridden by  tendencies  of  another  kind.  In  view  of  the  many  pertur- 
bations to  which    any   intra-mercurial    bodies  must  be  subject,   it  is 
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reasonable  to  holiovo  that  jtst<'roi(laI  ag<;reji;ations  mav  l>e  alternately 
formed  and  brokcjn  up,  in  the  neijifhhorhfMKl  of  harmonic  nrxlcs,  and 
€ven  to  l(K)k  for  future  conclusive  evi<lence  of  such  shiftinji^  arningc- 
ments  of  "  cosmical  dust."  No  one  who  knows  the  ability  and  pru- 
dent cautiousness  of  Professor  Watson  can  well  doubt  that  tin-  two 
unkiKtwn  bodies  which  he  siiw  during  the  last  total  s<jlar  ecli]>se,  were 
either  planetary  or  coinetiiry. 

3.  The  necessity  that  rotary  oscillation  should  olx*y  harmonic  cycli- 
cal laws  is  just  11^  great  as  the  necessity  that  the  oscillations  of  planet- 
ary revolution  should  be  harmonic.  Therefore,  the  discovery  that  the 
three  known  systems  of  rotation,  in  the  belt  of  light  planets,  in  the 
belt  of  dense  planets,  and  in  the  sun  itself,  are  represented  by  the  har- 
monic series  which  is  e-;tai)lished  by  the  combined  action  and  reaction 
of  Sun,  Eirtli  and  Juj>iter,  furnished  three  additional  and  indubitable 
verifications  of  predi<'ti(jn  (Helif>s,  Themis,  Eunomia). 

4.  The  discovery  that  the  node  of  Herscliel's  theoretical  '*  subsi- 
dence"  (Lychnis),  is  harmonically  intermediate  between  Sun's  surface 
and  "Phaos,"  and  that  this  ternar\'  system  also  completes  a  series  of 
co-ordinate  harmonic  groupings  which  In'gin  in  the  region  of  the 
iixeil  st<irs  and  end  in  the  sun,  furnished  three  additional  and  indubit- 
able verifications  of  j>redictions. 

5.  With  regard  to  the  four  remaining  verifications,  we  may  admit 
that  thev  are  less  cotn|)lete  than  the  others;  but  the  simple  names  <»f 
Kirkw(M)d,  Mouchez,  (iaillot  and  Von  ( )ppolzer  are  sutlicient  guaran- 
tees of  the  fact  that  planetoid  sun-spots  and  planetary  bodies  have  been 
seen  in  ]>ositions  all  of  which  can  be  satisfactorily  accounttnl  for  bv  the 
hypothesis  of  the  four  harmonic  orbits  which  these  astronomers  have 
computed.  Whether  the  spots  and  Inxlies  were  transient  or  j>ermanent 
is  a  matter  of  no  consequence  ;  the  fact  remains  tliat  the  indiaitioiLs 
exist,  and  the  discovery  of  those  indications  furnished  four  additional 
verifications  of  prediction.  That  there  are  many  others  in  the  fields  of 
astronomy,  optic>>,  electricity,  thermodynamics,  chemistry  and  general 
physics,  I  am  sure.  That  many  of  tlutn  will  Ix'  discoveretl  hereafter 
1  most  confidently  and  unhesitatin«;ly  believe. 
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REPORT  OF  THE  COMMITTEE  ON  SCIENCE  AND  THE 

ARTS  OX  OLSEN'S  TESTING  MACHINE,  RIEHLE 

BROS.,  MANUFACTURERS. 


Hall  of  the  Franklin  Institute,  1 
Philadelphia,  May  1st,  1879.      / 

The  Sub-eommittee  of  the  Committee  on  Seience  and  the  Arts,  con- 
stituted by  the  Franklin  Institute  of  the  State  of  Pennsylvania,  to 
whom  was  referred,  for  examination,  Testing  Machines  and  Appliances 
for  Testing,  invented  by  Tinius  Olsen  and  manufactured  by  Rielil^ 
Bros.,  report  that  these  machines  are  of  various  designs,  adapted  to 
different  materials  and  purposes,  with  capacities  ranging  from  1000  lbs. 
to  300,000  lbs.  In  most  of  them  the  article  to  be  tested  is  placed 
so  that  one  end  receives  the  stress  from  the  source  of  {wwer,  while  the 
other  end  is  acted  upon  by  a  system  of  levers  terminating  in  a  gradu- 
ated beam,  so  that  this  stress  can  be  accurately  counterbalanced  and 
weiy-hed.  But  in  some  of  the  machines  one  end  of  the  article  is  held 
in  a  fixed  abutment,  while  the  power,  which  is  applied  at  the  other 
end,  has  its  abutment  on  the  weighing  mechanism.  In  other  words, 
the  first-mentioned  machines  have  the  article  placed  between  the  power 
and  the  scales,  whilst  in  the  last  the  power  is  placed  between  the  article 
and  the  scales.  The  stress  is  produced  in  various  ways  in  the  different 
machines,  according  to  their  capacities.  In  the  small  ones,  for  testing 
threads,  fabrics,  cement,  wire,  etc.,  a  simple  screw  is  used,  the  nut  being 
revolved  by  a  hand-wheel  or  lever.  As  the  machines  increase  in  capa- 
city, so  the  power  to  produce  the  stress  is  increased,  as  follows  :  hand- 
power  through  bevel  gearing  to  nut  on  screw,  hand-power  through 
worm  and  worm-wheel  to  nut  on  screw,  belt-power  through  bevel 
gearing  or  worm  and  worm-wheel  to  nut  on  screw,  hydraulic  jack  with 
single  pump  worked  by  hand,  hydraulic  jack  with  single  pump  worked 
by  power,  and,  finally,  in  the  large  machines,  hydraulic  jack  with 
triple  pump  worked  by  power. 

In  all  of  these  machines  the  weighing  apparatus  consists  of  a  well- 
arranged  system  of  simple  levers  su])ported  on  ample  knife-edges,  the 
whole  being  convenient  to  operate,  properly  proportioned  and  hand- 
somely designed,  and  accurate  withal. 

The  especial  characteristics  of  these  machines  are  the  design  and 
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invention  of"  Mr.  Tinins  Ol.scn,  and  most  of  tlitni  arc  fiilly  (Ir-s^Tilxxl 
in  tlie  a<;coinj)anying  copies  of"  recent  patents  granted  to  liini. 

In  the  patrnt  of  Mardi  2.5tli,  1879,  Xo.  '2\:l,o'2r^,  is  (les<Til)e<l  some 
improv(;mi'nts  oii  tlieir  40,00()-Il)s.  verticjil  nuu-liine.  A  loose  cross- 
head  is  suspendinl  hv  lon<^  links  f"roii)  the  iip|)er  tool>,  and  reaches 
i)elow  the  lower  tools,  f"or  the  purpose  of"  enahlinij  <'«impr('ssion  and 
transverse  tests  to  he  made  without  any  change  in  the  machine,  and,  at 
the  same  time,  serving  as  a  guide  for  the  lower  tools.  This  is  a  decided 
improvement,  adding  to  the  convenience  and  usefulness,  without  nnnh 
increasing  the  cost. 

An  arrangcuH'nt  is  also  shown  for  lifting  the  jack  after  a  specimen 
liJLS  broken,  or  to  adjust  for  length.  \\  «•  do  not  aj)])rove  of  this,  for 
the  re;usons  that,  in  our  opinion,  tlif  chain-wheels  would  (-aust^  one 
.screw-to  lead  the  other  ;  that  it  would  he  a  slow  |)rocess,  running  the 
screws  down  until  the  ]):iwls  engaged  with  the  rods  on  the  jack  ;  that 
the  pawls  would  prove  trouhUsonie  and  not  act  well.  This  arrange- 
ment is  also  int<'nde<l  to  hold  down  firmly  the  cross-head  of  the 
plunger  when  a  specimen  is  under  stress,  so  as  to  prevent  this  stress 
from  heing  relieveil  hv  anv  leakage  from  the  jaek  nr  coMuef'tinns.  For 
this  purpose  the  device  is  useful. 

The  general  design  of  this  machine  is  good.  It  is  comjiact,  while, 
at  the  same  time,  the  parts  are  ac<'(ssil)le.  The  jack  is  worked  hv  a 
single  hand-j)ump.  The  iM'am  and  poise  are  in  a  convenient  position, 
close  to  the  pump  and  to  the  tools.  One  man  ctm  make  <-aref"ul  tests, 
a.s  everything  is  within  easy  reach.  We  can  commend  tliis  as  l>eing  a 
usefid  and  handy  size  and  form  of  testing  machine.  It  is  intend<Ml  for 
testing  spcf'imens  cut  to  a  c<>rtain  size  so  as  not  to  cxcihhI  its  (-apacity. 

Patent  No.  212,107,  grant»Hl  to  Mr.  Olsen  Octoln-r  2oth,  1S7M, 
ilescrihcs  a  much  larger  vertical  machine,  for  testing  materials  in  tlie 
iictual  shapes  and  sizes  used  in  construction.  When  pn\ctie:il)le,  this 
as  a  better  method,  and  givt's  more  reliable  results.  We  thoroughly 
<examine<l  a  machine  of  this  form  of  1(X),()(X)  lbs.  capacity,  built  for 
the  Pennsylvania  Railroad  ( 'o.'s  shops  at  .Mtoona.  The  arrangement 
<A'  the  platform,  h*vers  and  ja<-k  is  remarkably  compact,  and  this, 
together  with  the  great  capabilitv  of  adjustment  of  the  cross-head 
carrying  the  lower  t«K)ls,  enables  tests  to  Ik*  made  of  articli^  of  unusual 
length.  The  jack  is  invcrt(Hl  and  b«»lti^l  t«)  the  IuhI  of  the  machine 
underneath  the  |)latform.  This  tn'onomizt's  room,  but  at  the  exjH'nse  of 
couvenience  for  repairs.      In.stead  of  a  single  acting   plunger,  the  jack 
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has  a  piston  which  receives  the  pressure  either  on  its  entire  upper  sur- 
face, for  producing  the  stress,  or  on  its  annular  under  surface,  for 
returning  it  to  position.  The  pressure  is  produced  by  a  triple-acting 
pump  worked  by  belt-power.  A  rod  and  hand-lever  in  front  of  the 
platform  and  immediately  below  the  scale-beam  operate  the  valves, 
which  are  so  arranged  that  the  flow  of  the  fluid  can  be  shut  off"  with- 
out relieving  the  pressure  in  the  jack  or  stopping  the  pump ;  or  the 
flow  can  be  so  directed  as  to  cause  the  plunger  to  move  in  either 
direction  as  desired.  One  man  can  thus  conveniently  control  the 
pressure  and  move  the  poises  without  changing  position.  The  location 
of  the  specimen  is,,  however,  inconveniently  high. 

A  good  feature,  described  in  this  patent,  is  that  of  the  adjustable 
rods,  which  can  be  screwed  down  hard  against  the  cross-head  of  the 
plunger,  preventing  the  stress  from  being  relieved  by  any  leakage 
when  the  pumps  are  shut  oif  from  the  jack  for  a  considerable  length 
of  time,  as  is  often  desirable ;  but  this  does  not  provide  for  the  reliev- 
ing of  the  stress  on  ihe  specimen  occasioned  by  its  own  stretching. 

Olsen's  patent  of  April  8th,  1879,  No.  213,998,  describes  another 
form  of  vertical  machine  for  still  heavier  purposes.  In  this  case  the 
jack  is  placed  at  the  top,  resting  on  the  weighing  mechanism.  Its 
plunger  is  connected  by  rods  with  a  cross-head  which  acts  on  one  end 
of  the  pitK-e  being  tested,  the  other  end  of  the  piece  being  held  by  the 
bed  of  the  machine.  The  position  and  arrangement  of  the  cross-heads 
and  tools  are  very  convenient,  and  long  pieces  can  be  readily  handled. 
We  regard  this  as  an  important  feature.  The  jack,  instead  of  being 
supported  on  one  main  lever,  with  its  fulcrum  in  the  line  of  strain^ 
in  which  case  it  would  be  in  a  condition  of  unstable  equilibrium,  is 
made  to  rest  on  two  levers  of  different  lengths  but  of  the  same  count,^ 
and  so  placed  that  the  line  of  strain  passes  between  their  fulcrums  at 
distances  from  each  relatively  proportional  to  their  lengths.  This  gives 
a  good  broad  base  to  firmly  support  the  jack,  and,  together  with  the 
arrangement  of  links  between  the  main  and  intermediate  levers,  makes 
an  ingenious  and  efficient  construction.  Messrs.  Riehl^  Bros,  have 
never  built  machines  on  this  plan,  but  we  think  it  has  advantages,  and 
promises  to  be  superior  in  many  respects  to  the  other  forms.  A  draw- 
ing of  a  150,000-lbs.  machine  of  this  style  is  appended. 

Patent  of  February  25th,  1879,  No.  212,734,  describes  a  horizontal 
machine  of  300,000  lbs.  capacity,  designed  especially  for  testing  chain, 
and  built  for,  and  in  daily  use  by,  Messrs.  Bradlee  &  Co.,  of  this  city. 
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III  tliis  iiKicliinc  tli(-  strcKS  is  pnKliu-e*!  Iiy  a  jack  \vork<-<l  l>v  triplc- 
|»um[)  driven  by  lK*lt-|M»\v(r.  Tlic  jack  is  at  (uio  en<I  of  the  upfturatuB 
aiul  tin-  \vcij;liiii^  nieclianisiii  and  piirnps  at  tlio  other.  H«-jivv  tirnlK-rs 
ar(!  placc<|  l)ct\vc<ii,  ('iialdiii^  any  lcn;;tli  to  Ix*  <»l)tiiincd,  M«-s-in*. 
iSnullce's  riiacliinc   Itcjiiir  alxiut    \'M)  feet  over  all. 

in  a  horizontal  machine  of  this  lcn;^th  and  power,  siniial  arnin^'- 
rnent.s  are  inHi-sssiry  to  allow  lor  the  re<-oil,  both  of  the  jack  and  of 
ihe  main  wei^hinj^  levers,  which  <xx.'urH  when  a  h«ivy  chain  or  other 
article  breaks  nndcr  stnvin.  This  has  been  well  provi«le<l  for  bv  the 
devices  descril)e«l  in  the  patent. 

Your  cornniitte*' visite<l  Hrad lee's  ehain  works,  s:iw  the  machine  in 
pnictiral  use,  and  tested  in  it  a  chain  haviiij;  links  made  (»f  .'{1-incli 
nttnid  iron,  on  which  was  put  a  strain  of  .'UM),(MI(>  ||)s.,  the  full  «':ipacitv 
of  the  maihiiH'.  The  roult  was  very  saitisfa<'tory,  althou^di,  when  at 
its  maximum,  the  ma<iiiiie  bepui  to  show  sijfiif  <>f  t'flbrt,  and  <-ould 
hardly  be  re«'onuMen«le(|  for  contimious  work  of  so  j;reat  s«'veritv. 

The  tri|)le  |»ump,  usikI  to  work  the  jacks  of  this  and  other  machiut-s, 
consist.^^of  thriv  sin«;U^aetin^  plun^TS,  which  re<*eive  motion,  through 
walking  Uams,  from  thn'e  cnuiks  at  anjjies  of  VIO  detrrees  with  yiu\\ 
other,  the  objects  bein«r  t<)  ^ive  a  ste:uly  sup[)ly  of  fluid  to  the  jack 
ami  to  avoid  blows.  The  stntke  of  thes*'  plun^'i-s  is  nuule  a<l)ustable, 
m  as  to  vary  the  power  and  s(M'etl  to  suit  tin-  natun*  of  tlie  test  W''\i\\r 
made.  This  is  accomplished  by  chanirinij  the  position  of  the  fidcnuns 
of  till'  walkiuf^-beams,  as  f(»llows:  A  sliding;  fnime,  iuovinI  bv  a  wrew 
and  hand-wheel,  cjirries  a  shaft  <»n  whi<'h  are  fittixi  three  Uixi-s,  each  of 
whi<h  has  a  Mat  t<»p  and  bottom  fittinjr  U'twiH-u  the  two  halves  of  the 
walkinj^-U-am,  after  the  maiuier  of  the  liK-omotive  slide-link.  One 
end  of  each  walkinj;-lK>am  is  journaIe<l  to  a  crank,  and  tiio  otiier  end 
is  coniUHted  by  links  to  a  |)lunp'r.  It  is  evident  that  when  the  siiafl, 
which  is  cjirriinl  by  the  slidin«:  franu',  is  ctiitral  Utwivn  the  two  emis 
of  the  iK'am,  the  stroke  of  the  pluuL'er  will  Ik-  i-<pial  t«»  the  entire 
throw  of  the  <i-:ud<.  or  to  clouble  its  nulius.  If  the  frame  l>e  movwi 
towjird  the  pump  end,  this  >troke  will  In-  diminislx^i.  and  rir»-  rrrx«. 
As  this  adjustment  c:ui  U-  ma«le  without  >toppin^  anvthin^,  it  tonus  a 
very  eonvenient  and  etfei'tive  arnuij^'nuMit.  There  is  considerable  slide 
of  the  walkinjx-lH'ams  on  tlu'  tulcrum  Ixixes,  owiiijr  t"  the  fa«t  that  one 
end  of  the  Uams  i-ei-eives  a  rotary  motion  fnim  the  <'ranks.  This  pn^- 
dui*es  an  amount  of  friction  that  is  veri-  m>ti<"ei»ble  under  heavv  straiiii*, 
ami  which  could  Ik' suitably  provideil  for  by  a  pro|ter  amount  of  surface. 
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Olsen's  patents  of  March  25th,  1879,  No.  213,525  and  No.  213,586, 
describe  tools  for  holdinjij  the  ends  of  specimens  while  being  tested  for 
tensile  strength.  We  did  not  see  either  of  these  in  practical  operation, 
but  it  is  claimed  that  they  are  a  decided  improvement  on  the  old 
methods,  AVe  rather  question  the  advisability  of  making  the  tool  to 
act  as  an  universal  joint,  for  in  case  the  axis  of  the  test  piece  ^yere  out 
of  line  with  the  axis  of  stress,  this  arrangement  would  be  apt  to  do 
more  harm  than  good.  What  is  wanted  is  a  device  that  will  infallibly 
grip  each  end  of  the  piece  so  that  its  centre-line  corresponds  with  the 
centre-line  of  pull.  The  feature  of  allowing  the  wedges  to  accommo- 
date thenLselvos  to  any  irregulariti&s  is  proper,  but  the  tool  should  also 
fill  the  conditions  named  above. 

Tiie  various  forms  and  sizes  of  testing  machines  designed  by  Mr. 
Olsen  and  manufactured  by  Messrs.  Riehle  Bros,  really  constitute  a 
new  industry  in  this  country,  and  jiarticularly  in  this  city.  INIessrs. 
Riehle  Bros,  have  undoubtedly  increased  the  interest  in,  and  desire  for, 
more  extended  datii  as  to  the  (jualities  of  materials.  They  have  placed 
within  the  reach  of  manufacturers  good,  j)ractical  and  relialde  means 
of  ascertaining  these  qualities,  and  it  is  to  be  hoped  that  their  efforts  will 
tend  to  aid  the  continual  improvement  of  our  products,  and  thus  be  of 
great  service  in  the  advancement  of  our  mechanical  industries. 

Although  we  may  criticise  some  of  the  details  of  their  machines, 
and  may,  in  some  cases,  see  room  for  improvement  in  workmanship, 
yet  we  heartily  commend   their  aims,  and   think  they  deserve  great 
credit  for  what  they  have  already  done  and  are  now  doing. 
Res])ectful ly  subm i tted. 

Wm.  H.  Thorne. 
L.  R.  Faught. 
J.  Haug. 

Joseph  Zentmayer. 
Wm.  D.  Marks. 


Improved  Vulcanized  Rubber. — C.  Schwanitz,  Jr.,  of  Berlin, 
uses  glycerin  in  the  preparation  of  vulcanized  rubber,  in  order  to 
secure  it  from  injury  by  fats  and  oils.  He  also  ])asses  the  finished 
mass  between  warmed  rolls,  in  a  glycerin  bath,  in  which  it  is  exposal 
to  steam,  under  a  pressure  of  two  or  more  atmospheres. — Dingier^ s 
Journal.  C. 


July,  1H70.]  /Hfhnnl.^ — Machines  for'  Mrfij<tiriii</.  41 


MACHINES  FOR  MKASruiXG.* 


By  George  Rkhahds,  Pliiliuk-lphia. 


Niceties  of  measurement,  beyond  the  limit  of  one-thousiindth  of  an 
inch  for  example,  are  often  looked  upon  by  practical  men  it-*  exjx'ri- 
mentfi  not  rccpiired  in  ordinary  j)ractice.  This  is,  Imwcvcr,  a  mistake, 
because  one-thousanflth  of  an  inch  is  far  within  a  dimension  whirh 
workmen  continually  use.  One  ten-thousandth  of  an  inch,  a.s  a  term, 
seems  an  abstraction,  in  practice  it  is  a  t;ingible  (piantity  to  Im-  felt, 
seen  and  demonstrated. 

In  a  j)aper  read  before  the  Institute  of  Mechanical  Enj;ineei-s  in 
1857,  at  Manchester,  Mr.  Whitworth  siiid :  "In  the  manufa«-ture  of 
my  standard  j^auges  of  size,  the  workmen  measure  to  the  7,y,\(»(7  "^ 
an  in<li,  and  these  measures  are  as  familiar  and  appreciable  ;i.->  tlxx*' 
■of  any  larger  <limensions,"  so  that  a  machine  to  record  sizes  to  within 
the  one  Hve-thonsandth  of  an  incji,  and  for  comi)arative  tests  to  one 
ten-thousandth  of  an  inch,  such  a  one  as  is  shown  here  this  evening,  is 
in  every  sense  a  practiced  working  imj)lement. 

There  has  arisen  a  kind  of  romance  in  conne<'tion  with  ac«urat<' 
meiLsurements,  which  is,  no  doubt,  attributable  to  the  secnny  obsi'rve<l 
in  the  preparation  of  gjiuging  tools,  jxrhaps  also,  in  some  degrci* 
to  the  nice  exj)eriments  of  Sir  Joseph  Whitworth  showing  that  one- 
millionth  part  of  an  inch  could  be  indicate<l,  not  me:L-;urtHl,  as  was 
<'laimed,  by  one  of  his  machim^.  The  ditlerence  In'twecn  measuring 
and  indicating  must  always  Ih>  kept  in  view  when  dealing  with 
machines  lor  determining  and  comparing  dimensions. 

In  making  gauging  t«K>ls,  it  was  at  first  exjKVti^tl  that  dimen- 
sions could.be  transmittcil  from  one  measuring  machine  to  t(^»]s  in  pro- 
cess by  means  of  ciu-efully  adjuste<l  gauges,  ]>ins  and  so  on,  but  it 
soon  became  aj)parent  that  in  order  to  atljust  g:iuges  then.'  must  lH'.s4)me 
means  of  showing  how  they  ap|)roa«h  the  tinisluHl  size,  and  ihi>  aj>j)lie> 
not  only  to  the  last  or  Hnisliing  pr<Hvsses,  but  al.^o  to  pnliminar^- 
ones  as  well,  where  allowance  has  to  W  ma<le  for  the  di.<tortions  and 
shrinkage  of  tempering,  grinding  and  so  on.     By  exiHTience  the  work- 

*  Extracts  from  a  paper  read  U'fon>  llie  Knuikliii  Institute,  .\pril  16tli,  1S79. 
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men  learn  whether  one,  two  or  ten  "  divisions  "  are  enough  to  allow,, 
and  work  accordingly.  The  division  meaning  one  ten-thousandth  of 
an  inch  by  the  scale  employed  on  our  working  machines. 

This  same  system  is  applicable,  as  we  now  think  is  almost  a  neces- 
sity, in  preparing  ordinary  tools,  such  as  mandrils,  reamers,  screw  taps, 
and  so  on.  This  view  has  led  to  the  preparation  of  the  machines,  one 
of  which  is  shown  here  this  evening. 


Calipering  and  Measuring  Maoliine. 

This  little  machine,  only  twelve  inches  long,  has  been  contrived  in 
such  a  manner  that  it  will  indicate  to  one  ten-thousandth  of  an  inch,  or 
measure  absolutely  to  one-thousandth  of  an  inch  or  even  less  if  required, 
and  yet  it  is  furnished  at  a  small  expense. 

It  was  foreseen  that  such  machines  would  prove  of  value  in  tool- 
rooms where  stiindard  and  special  tools  are  continually  being  prepared. 
The  machine  would  enable  gauges  or  other  exact  tools  to  be  made,  and 
at  the  same  time  answer  the  further  purpose  of  keeping  gauges  of  all 
kinds  to  standard  sizes  by  detecting  wear  or  derangement.  The 
machine  consists  of  a  frame  hav^ing  a  sliding  stock  moved  by  a  screw^ 
On  both  the  frame  and  sliding  head  are  fixed  hardened  steel  points. 
The  points  have  been,  from  experiment,  found  best  when  made  wide, 
with  double  bearing  points.  This  prevents  the  machines  being  forced 
by  over  pressure. 

The  screws  for  moving  the  points  are  of  course  an  important  part  of 
the  machine.  These  screws  are  brought  within  a  limit  of  one  in  two 
thousand  for  accuracy.  With  each  machine  is  furnished  four  hardened 
steel  test  pins  or  rods,  one  inch,  two  inches,  three  inches  and  four  inches. 
These  are  adjusted,  at  a  temperature  of  from  70°  to  75°,  by  the  stand- 
ard measuring  machine.  By  employing  these  pins  as  starting  tests  it 
is  evident  that  in  no  case  will  the  truth  of  the  screw  have  to  be  relied 


JoJy,  1879.]  Richards — Machines  for  }fcajniring.  43 

ii|)()ii  tor  :i  ninge  exceeding  one-luilf  an  in<'h.  I  may  mention  that  we 
are  now  enj^iige<I  in  exj)erinient8  to  determine  some  incx|)ensive  m<Klc 
of" corroitiii^  the  htows  of  tln-ir  error,  aItliou<:li  for  all  j>ra<ti«al  pnr- 
pos<'s  this  mav  s*-*'!!!  sii|K,'rrioiis. 

We  usually  furnish  with  ('a<li  tiia<hiF)«'  a  tahle  of  the  screw's  errors, 
Ko  that  any  <»ru'  who  is  curious  in  tin'  matter  c-an  mak*-  alisolutc 
meiLsuremcnt-s. 

The  machine  is  arninge<l  with  an  index  whci'l  oti  which  tln-n.*  are 
marked  one  hundre<l  divisions,  ••juh  re|»resentinj;  <»ne-thousandth  of 
an  inch  at  the  points.  H<'sidc,  atul  almost  in  cont;i<'t  with  this  index 
wheel,  is  a  moveable  or  adjustahle  pointer.  Now,  :tssinninir  th*-  error^ 
in  anv  case,  to  he  one  in  two  thousand,  then,  if  a  half  ini-h  is  to  be 
rncasiu'cil,  the  index  or  pointer  is  move<l  forwanl  or  Uick  onc-ftmrth  of 
a  division,  or  to  make  one  four-thousan<lth  of  an  inch  at  tlu'  |Kiints. 

Screws  f^row  gradually  shorter  as  they  arc  npnxlucctl  and  their 
errors  arc  greater  than  is  exiMHt**!, 

As  a  inattiT  of  interest  those  |)res  nt  who  them.s<'lves  have  not  iuves- 
ti<!;a(cd,  I  will  now  re<'ount  some  of  the  principal  facts  in  the  derivation 
of  our  lineal  mciisurcs. 

In  the  time  of  William  the  Concpieror,  it  was  onlaiiKnl  by  statute 
in  Enjjjiand  that  **  the  measures  and  weij;hts  shall  U-  true,  aiul  stam|R"<l 
iti  all  jKirt8  of  the  country."  The  standards  «>f  weight  and  nieiL>iures 
were  dcj)osittHl  in  a  special  buildin*;,  just  :l<^  the  stuudanls  of  ancient 
•  •ountrit-s  were  placc<l  in  their  tem|)Ies.  The  existinj;  i[U|>i'rial  yanl  i.** 
BO  nearly  identiwd  in  length  with  those  old  standanl  yanls  of  Henry 
WW.  and  (.^ueen  Kliziibcth  that  it  cxccimIs  them  by  little  more  than  a 
hundrulth  lart  of  an  inch,  a  ditlereiuv  fintjuently  found  in  rules  anti 
K-jiles  now  commonly  usctl.  It  is  also  lurious  to  note  that  the  VA\\r- 
lish  f(K)t  is  nearly  identic:il  with  two-thirtls  of  a  natural  cubit,  known  as 
the  ancient  ft)ot.  A  double  cubit  w;is  us**!!  in  ancient  times  as  a  mesLsure 
of  length,  an«l  an  old  K^yptian  double  royal  «ubit,  t'ounti  in  the  ruins  at 
Karnac,  may  be  st'cn  in  the  British  Mus4>uni  at  lyoudon.  A  measure 
very  near  c<jual  t<t  two  uatur.d  cubits  was  us«tl  bv  the  Romans  luuler 
tlu'  nam*'  of  ulna  uv  ell.  The  ulna  is  mentionetl  by  IMiny,  when 
<h's<ribin^  the  nuusun-meiU  of  the  prth  of  a  tree  us  half  the  lonpth 
of  the  cxteiuhil  arms  of  a  man.  it  may  U'  fairly  assumetl  that  the 
me^isure  of  the  double  natiniil  cubit,  or  three  feet  under  the  name  of 
(U  or  yard  iiime  into  use  in  t>UI  times  as  a  very  convenient  me:isuring 
unit  anil  t'ound   its  way  into  England  as  the  standani  unit  of  length. 
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The  primary  standards  of  weights  and  measures  in  England  were 
destroyed  by  the  burning  of  the  liouses  of  Parliament  in  1834. 

The  leral  standard  unit  of  measure  in  England  was  constructed 
under  the  superintendence  of  the  Standards  Commission,  appointed  in 
1843,  for  the  restoration  of  the  lost  standards. 

The  act  of  1824  under  George  IV.,  under  the  authority  of  which 
the  lost  standards  had  been  legalized,  directed  that  in  the  event  of  their 
loss  or  destruction  new  standards  should  be  constructed  in  accordance 
with  permi&sion  contained  in  the  act,  by  reference  to  an  invariable  nat- 
ural standard.  After  long  deliberation  the  commission  made  a  report 
stating  that  to  base  the  standard  of  measure  upon  pendulum  vibra- 
tions wa.s  doubtful  and  erroneous. 

They  recommended  that  no  change  should  be  made  in  the  unit  of 
measure.  A  committee  of  scientific  men  were  appointed  to  construct 
a  standard  by  comparisons  with  the  most  carefully  selected  specimens. 
The  magnitude  of  the  operations  may  be  estimated  from  the  fact  of 
the  munber  of  micrometer  readings  for  all  the  comparisons,  exceeding 
two  hundred  thousand,  and  amongst  the  operations  it  was  found  neces- 
sary to  construct  an  entirely  new  system  of  thermometers. 

These  labors  extended  over  a  period  of  twelve  years,  and  the  new 
standards  were  legalized  in  1855.  In  order  to  select  the  most  per- 
fect specimen  for  the  new  standard  of  length,  forty  line  standard 
yards  were  constructed,  and  one  of  these  was  finally  selected  as  the 
imperial  standard,  not  only  from  its  representing,  with  the  greatest  pre- 
cision, the  assumed  length  of  the  last  standard  yard,  but  also  from  the 
clearness  of  its  defining  lines  and  from  its  general  good  workmanship. 

A  copy  of  this  was  then  obtained  by  the  standards  department  at 
Washington,  from  which  to  reproduce  duplicates  for  each  State. 

Mr.  Saxon,  then  connected  with  the  department,  arranged  devices 
for  comparing  both  line  and  end  standards.  More  ingenuity  and  care 
was  shown  in  Washington,  perhaps,  than  ever  was  before  exercised 
in  any  country  in  preparing  these  comparing  devices.  Mr.  Saxon 
used  a  comparing  machine,  which  the  members  may  have  seen 
in  the  government  building  at  the  exhibition,  in  1876,  indicating  to 
million ths  of  an  inch. 

In  order  to  magnify  the  differences  of  bars,  he  employed  a  mirror, 
arranged  to  vibrate  and  be  read  on  the  segment  of  a  large  circle.  In 
order  to  avoid  tedious  labor,  he  adopted  an  ingenious  plan  of  marking 
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the  standards  at  dillerent  teiuiKTatun's,  to  allow  lor  differenoes  in 
lenjrth,  tlie  range  being  from  08"  to  72''  or  tlun-ahoiit.-.  Tlic  ex|»ari- 
sion  of  a  tstandanl  yard,  when  placiMl  in  the  in.>tniin«nt  and  tht-  tingt-r 
phued  near  it,  is  reiidily  seen  in  thr  reatlings. 


AI'l'KOXI.MA  TK  (^1   ADRATIH^KS  OF  THE  CIRCLK. 


liv  I'l.iNY  Kaeuj;  Cham:,  LL.D. 


Some  of  the  Enropean  techni'-al  journals  have  lately  given  graphic 
approxiinitioiis  to  the  ratio  of  the  <'irounif<nn«v  to  the  dianiotor  of  a 
cinle.  Neither  of  the  solutions,  which  have  fallt'ii  undrr  my  notice, 
JM  HO  Hiinj)le  or  so  ehjsc  as  the  following : 

On  the  rectangular  e(W)rdinates 
X,  Y,  lay  ott*,  from  a  scale  of  eipial 
parts,  A/i  =  3,  AC=  20,  AX  = 
60,  AD  =  {).  Join  DC  and  draw 
UK  paniUcl  t<.  DC.  Take  KY  = 
vU;  and  join  A'l'.    Then  AT  :   AC 

:  cireumferenee  :  diameter,  vrrij 
nearhf. 

For  if  A(^=iU  AIi  =  ^,<l:  AK=^  <  j^  f/ =  ^Vff  ^.'  •<  >' 
=  m  d  ;  XY=  \  Mil"  .  (139129  ^  1600(X))  rf'=  3-141 5H4 99 »/. 
The  true  ratio  is  314159265,  differing  l»y  les<  than  ^^  of  one  per 
c<'nt.  from  the  graphic  approximations,  which  would  give  an  error  of 
less  than  ,\  <tf  an  inch  in  a  mile.  Tlie  appr«»ximatc  cireumferenee 
X'Y,  for  any  other  diameter,  AC  may  l»e  foun«l  l»y  taking  J  A' 
23.1  C",  and  dm  wing  A''  Y'  parallel  to  A'l'. 

The  sitnplicity  t)f  this  c(»ustrmtion  is  no  greiiter  than  i(>  pr.uti«-al 
iule<piacy.  This  fact  will  Un'ome  evid«nt  u|M»n  c»»nsiilering  that,  in 
gr.iduating  a  eirele  of  thre<' feet  radius,  the  error  for  a  single  degree 
would  he  less  than  ,'.-0*000  '**  '^"  "''"''•  ^"  sluicing  gcjirs  with  teeth. 
six  inches  apart,  the  errt»r  would  Ix'  K'ss  than  gjijj  of  jui  inch. 

.HaVERFXHII)  COLLFXIE, 

Jhiu-  16M,  1879. 
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THE  ELECTRIC  ARC— ITS  RESISTANCE  AND  ILLUMI- 
NATING POWER. 


By  Profs.  Elihu  Thomson  uikI  Edwin  J.  Houston. 


From  a  series  of  investigations  made  by  us  in  the  winter  of 
1877-78,  and  published  in  the  Journal  of  the  Franklin  Insti- 
tute ft)r  May  and  June,  1878,  as  part  of  a  report  of  the  Committee 
of  the  Franklin  Institute  on  Dynamo-Electric  Machines,  we  were  led 
to  infer  the  existence  in  the  electric  arc  of  certain  relations  between 
resistance,  current  strength  and  illuminating  power.  Further  experi- 
ments in  the  same  direction  have  seemed  to  confirm  these  relations. 
We  therefore  have  tiiken  the  o})portunity  of  stating  them,  believing 
that  they  will  be  of  value  to  other  investigators  in  this  field. 

The  relations  existing  b<'t\veen  arc  resistiince  and  current  strength, 
iind  between  current  strength  and  illuminating  power,  are  apparently 
ex])rcssed  by  the  following  laws,  viz. : 

First.  Ill  arcs  of  equal  /etujths  the  resistances  are  inversely  propor- 
tional to  the  current  strengths. 

Second.  The  iUuminating  power  of  an  arc  is  approximately  pi'opor- 
iional  to  the  current  trarersinc/  it. 

Third.  In  arcs  of  equal  length  the  total  energy  given  out  is  propor- 
tional to  the  current  strength. 

Whether  the  above  laws  will  be  established  for  great  range  of  con- 
ditions remains  for  future  investigation ;  and,  indeed,  when  it  is 
considered  that  it  is  almost  imjjossible  to  maintain  arcs  of  equal 
lengths,  the  results  may  be  regarded  as  approximately  true,  and  point 
to  the  need  of  an  extended  series  of  experiments,  in  order  that  the 
errors  in  individual  cases  may  be  eliminated.  Tlie  experiments  Ave  are 
now  conducting  in  this  direction  are  not  yet  complete,  and  embrace, 
besides  the  laws  just  stated,  other  interesting  relations.  W^e  have 
thought,  however,  that  the  results  thus  far  obtiiined  justify  the  publi- 
cation of  the  above  stiiteraents  of  existing  relations. 

The  following  theoretical  considerations,  aside  from  experimental 
data,  serve  j)artly  to  explain  the  first  law.  An  increase  of  current  is 
attendetl  by  a  more  active  transferrence  of  carbon  vapor  from  positive 


July,  1879.]  Th£  Elrrfrir  Are.  47 

to  negative  olectrrMlc,  which  would   re-iih    in  an    incn-jt-c*!    hn-adth  of 
arc  and,  consequently,  dwTOjusc<l  resistance. 

The  l)earinj;  of"  tliis  law  on  the  fjuesti<»n  of  the  Citnioraiiral  division 
of  the  electric  current  in  the  production  of  several  aro;  in  the  same 
circuit,  instead  of  one  single  arc,  is  important.  It  ha**  U'cn  held  by 
some  that  if  the  intensity  of  the  current  Ik?  halve<l,  the  Mork  lx;ing  as 
the  sijuarc  of  tht>  current,  economic  division  is  impossihle.  It  must  not, 
]i(»wcvcr,  he  fori;otton,  a-^  app<!{irs  to  have  frcnjucntly  Ix-en  the  c:l-^', 
that  the  above  statement  assumes  that  the  resistance  is  constant.  \\'ith 
the  arc,  however,  the  resistance  with  a  ch:in<;<'<l  <-urrent  is  not  constant. 
If  the  current  be  doubled,  its  resistance  is  halved  ;  if  the  current  Ixi 
halved,  its  resistance  is  doubled  —  always  assuming  the  <listiince 
between  the  electrodes  to  remain  constant.  The  work  of  the  <'urrent, 
therefore,  with  a  given  length  of  arc,  is  pro|)ortional  to  the  current, 
and  not  to  the  s(|uare  of  the  current,  as  ha**  Ix'cn  fre<jucntly  a>sume<l. 
The  third  law  expresses  this  relation,  the  total  energy-  lx?ing  the  work 
given  out  as  light  and  heat,  and  due  to  current  traversing  rt^istance, 
which  resistance  falls  as  the  current  increases,  and  the  converse. 

The  total  energy  evolved  in  an  arc  does  not,  however,  ap|)e:ir  to  be 
a  measure  of  the  illuminating  power  of  saitl  arc,  it  having  been  notictnl 
by  us  that  the  totiil  energy  in  the  arc  may  l)e  the  same,  while  the  illu- 
minating |K)wer  varices  considerably.  The  illuminating  j)ower  of  arcs 
representing  eipial  amounts  of  energy  evolve<l,  apjX'ars  to  Ih>  affwtetl 
considerably  by  the  distance  apart  of  the  carlxtn  electr<Hles.  It  is  found 
in  pnictice  that,  in  any  case,  the  maximum  illuminating  |H)wer  is 
obtiiined  when  the  electrodes  are  separated  to  a  cvrtain  distance.  An 
incR^use  of  this  distance  betwe<Mi  the  eh^-trrxles  is  attend«Hl  bv  an 
increa.se  in  the  resistiincc  of  the  anr  and  by  a  dtvrease  in  the  current 
strength,  not,  however,  proportional  to  the  increased  resistance.  Con- 
sequently, an  incrcjise  in  the  total  energy  evolvetl  in  the  arc  mav  take 
pUu'c  while  an  iwtual  decrease  of  the  illuminating  |)ower  has  n^sulttHl. 
This  last  statement  may  at  first  apjx'ar  to  involve  a  c«>iUnidiction,  but 
when  it  is  rememlwred  that  the  greater  portion  of  the  light  evolvo<l  bv 
an  arc  comes  from  the  intensely  h(»jitc<l  surfao's  of  the  eh^'tHnles,  and 
not  from  the  heattnl  g-.us  stream  constituting  the  arc  pr«)jx'r,  it  can 
readily  i)e  understood  that  with  a  large  arc,  a  oonsideral)lo  pTO|>ortion  of 
the  energy  will  Ix^  expended  in  sustaining  the  temjurature  of  the  gas 
stream  and  suj)plying  or  making  g<Mxl  the  heat  convecte<l  from  it  to  tlie 
surrounding  air.     In  an  arc  of  k>ss  length,  a  smaller  proiwrtion  of  the 
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enero-y  is  expended  in  sustaining  the  temperature  of  the  gas  stream^ 
and  the  amount  of  surface  of  the  electrodes  heated  to  intense  incan- 
descence is  relatively  increased. 

It  is  our  opinion  that  the  relation  between  the  illuminating  power 
and  the  current,  as  expressed  by  the  second  law,  is  necessarily  quite 
approximate,  since  the  distance  apart  and  consequent  facility  for  loss 
of  heat  by  convection  from  the  electrodes  cannot  be  without  influence 
on  the  illuminating  power. 

Centkai.  High  School, 

Philadelphia,  June  13,  1879. 


ON  AN  OSCILLATING  AND  PORTABLE  MELTING 
FURNACE  USED  IN  FRANCE. 


By  R.  Grimshaw. 


It  is  strange  that  attention  has  not  been  earlier  called  to  the  crude 
and  wasteful  manner  of  mounting  and  using  crucibles  for  melting  and 
pouring  steel  and  brass.  A  hundred  ycjirs  has  done  little  or  nothing 
towards  changing  this  part  of  the  constructor's  plant.  There  is  every- 
where the  sjime  mass  of  brickwork,  with  cavities  lined  with  refrac- 
tory brick ;  a  flue  at  one  side  leading  to  a  chimney,  a  grate  below,  a 
cover  above,  and  constituting  the  "natural  draft"  melting  furnace. 
Suppress  the  flue  and  chimney,  and  add,  below  the  grate,  an  air  blast- 
pipe,  and  there  is  obtained  a  higher  temperature  and  quicker  melting  ; 
but  in  both,  the  handling  of  the  crucible  is  the  same  faulty  and  dan- 
gerous process. 

The  crucible  must  be  well  centered  in  the  fire-place ;  firmly  bedded, 
lest  it  tip  to  one  side  or  the  other.  The  grate-spaces  must  be  kept  free 
from  clinker,  as  the  slicing  iron  is  wasteful  of  fuel  and  dangerous  to 
the  pot.  When  the  metal  is  melted  and  ready  to  pour,  skill  is  required 
to  remove  the  coke  from  about  the  pot,  which  is  then  carefully  lifted 
with  special  tongs,  carried  to  the  mould  and  used  to  pour  from.  If 
there  is  over  seventy-five  pounds  of  metal  it  takes  two  men  to  handle 
it.  The  tongs  and  the  air,  especially  the  latter,  cool  the  crucible,  so 
that  often  the  metal  is  not  hot  enough  for  a  proper  pouring,  and  when 
several  castings  are  made  from  one  potful  the  last  is  generally  run  cold. 
If  the  pot  breaks  while  being  carried,  there  is  loss  of  metal,  risk  to  the 
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men,  and  often  inoiiKls  spoiled.*  Suppo.siiig  tliut  all  giK.-s  well  in  p^tur- 
inj^,  and  the  cooknl  cruciWle  is  to  \ye  rcturnetl  to  tlie  broken  up  tire, 
tluTc  is  waste  of  fuel  in  gettinjj;  started  up  Jij^in,  an<l  of  time  in 
arr.in{i;ing.  As  regards  ('onsunij)tion  of  fuel,  founders  (-((unt  fifty  pounds 
of  coke,  for  one  hundred  pounds  of  bnuss,  as  a  niinitniun  ;  some  even 
sjiy  weight  for  weight.  In  steel,  about  three  to  four  times  the  weight 
of  fuel  is  often  n'<juire<I,  and  the  lu^its  are  onlys;iy  thnv  to  f<»ur  jK-rday 
of  twenty-five  pounds  each.t  For  bntss,  flre-<'lay  |)ots  hu^t  a  day,s;iy  t«n  to 
twenty-one  runs;  graphite  gives  thirty  to  forty  heats.  For  st<'«'l, 
gniphite  pots  give  on  an  average  six  hejits  before  giving  out ;  day  j>ots 
stiind  three  heats  in  twelve  hours,  averaging  110  to  l.'iO  lbs.  for  the 
tiiree  lieats,  and  are  tlien  done. 

Now  why  should  the  crucible  be  withdniwn  from  the  Ik-*!  of  ttKilsat 
each  pouring,  causing  the  risk  of  considerable  loss  of  hcjit,  jH-rhaps 
burning  tin;  workman,  and  ccrtaiidy  subje<-ting  him  t^t  a  heat  which 
increiuses  his  discomfort,  lessens  his  jjossible  work  and  r^iusis  him  to 
demand  extra  high  wages?  Outside  of  this,  breakage  of  the  crucible 
is  a  source  of"  loss  of  metid.  Why  waste  time  and  fin!  in  rcU'ddiiiix 
the  pot  in  the  coke  for  the  next  melting? 

Why  not  put  up  crucible  and  furnace  together  ami  keep  the  metal 
hot,  while  sjiving  all  the  ann«)yances  alK)ve  mentione<l  ? 

The  *' Oscillating  and  P<>rtablc  Melting  Furnace,"  inveiU^-il  by  Mr. 
A.  Plat,  one  of  the  most  important  foimders  and  ma(.*hinists  in  France, 
is  designe<l  to  obviate  all  these  inconveniences,  and  fn»m  |K'i"sonal 
inspection  of  its  working  in  his  foundry,  Ho  rue  S;iint  Maur,  Pari-, 
I  think  ills  claims  not  altogetlier  unfounde<l. 

Tlu!  fiu'nace  proper  is  a  lM)iler-iron  c:tse,  lined  with  refra<'tory  mate- 
rial, and  made  s([uare  so  lus  to  save  coke;  the  fuel  mostly  lodging  in 
the  corners  and  the  |K)t  nearly  touching  the  sides.  A  stn>ng  iron  Uuul 
surrounds  the  case  at  siidi  a  height  that  it  may  tip  and  balance  nii-ely 
when  the  pot  is  about  full  of  metal.  Hy  mcjins  of  th(^^'  tnuniionsthe 
furnace  is  lifted  and  c;irrinl  alM)ut;  leveiv  or  c;irrying  Ixirs  iH'ing 
employetl  in  csuse  it  is  carrie<l  by  men,  a  crane  l)oing  employetl  fV>r  the 
larger  sizes.     In  some  of  the  large  furtuu'es,  the  device  is  tipjHMl  onlv 

*  While  a  clay  jwt  is  tough  at  .stwl  meltinR  hoat,  a  gniphite  jwt  is  brittle  at  aiiy  lu-at 
and  liahlo  t<>  rnish  with  the  pinoh  of  tlie  tongs. 

t  Messrs.  11.  Uisston  «&  Sons  use  graphite  |K>ts  No  50,  throe  heats  in  thirteen  hours, 
making  -i'lH  ll>s.  ot"  st«.H.'I  for  eaoli  erueible  when  woni  out,  the  iK)ts  aveniging  six  heats. 
For  melting,  thev  useKst  lA-higii  anthracite  i>»al.  'J."t">  Ukj.  to  each  ICH)  ll»!.  stet-I  uielteii- 
Whole  No.  Vol.  C'VHI.— (Third  Series,  Vol.  Lxxviii,  4 
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and  seldom  carried  out  of  place,  the  metal  being  run  into  an  ordinary 
ladle.  The  refractory  lining  is  of  best  fire-brick  or  of  well-tamped 
fettling.  The  furnace  is  slightly  conical  below.  On  the  front  side  is 
a  pouring  hole  and  spout.  At  the  back  there  is  a  large  square  openiiig 
for  escape  of  the  gases  of  combustion.  The  cover  is  that  ordinarily 
used  in  foundries. 

So  much  for  the  furnace  proper.  The  crucible,  which  must  be  fixed 
therein  steadily  and  permanently,  is  supported  by  a  ''cheese"  or  flat 
cylindrical  block  of  refractory  material  resting  on  the  grate ;  the  spout 
which  connects  the  front  or  mouth  of  the  crucible  with  the  pouring 
orifice  of  the  ca.se,  and  a  wedge  also  of  refractory  stuff  placed  at  the 
back  of  the  pot  and  holding  the  whole  firm  and  central.  After  the 
first  heat  or  so  these  pieces  become  a  unit  with  the  pot. 

The  whole  affair  rests  on  two  brick  supports  and  receives  a  blast- 
pipe  below  if  blast  is  used.  The  grate  is  cleaned  every  two  or  three 
heats  by  tipping  the  whole  affair  and  slicing  from  below. 

For  brass  melting  these  furnaces  are  made  uj)  to  four  hundred  and 
even  six  hundred  pounds  crucible  contents. 

For  steel  and  for  running  pieces  over  seventy-five  pounds  weight, 
the  intention  is  to  have  a  special  furnace  placed  beside  other  and  smaller 
ones,  to  receive  their  contents  and  carry  them  to  the  place  of  pouring. 

For  the  larger  sizes,  time  is  gained  and  fuel  still  further  saved  by 
adding  a  recuperator,  heating  the  blast  by  the  escaping  hot  gases  of 
combustion. 

Referring  to  the  annexed  engravings.  Fig.  1  represents  one  of  the 
ordinary  smaller  furnaces  mounted  upon  a  special  truck  or  traveling 
crane,  designed  to  carry  it  from  place  to  place  and  tip  it,  there  being  a 
carriage  with  traverse  motion  on  the  truck  to  enable  pouring  to  be 
easily  accomplished.  It  will  be  seen  that  the  pouring  is  done  from  an 
extra  pair  of  trunnions,  so  placed  as  to  make  the  stream  fall  steadily 
in  one  place,  even  while  the  whole  device  moves  through  a  large  arc. 

Fig.  2  shows  in  section  a  furnace  for  thirty  to  one  hundred  and  fifty 
kilogrammes  of  metal,  with  forced  blast  and  with  recuperator. 
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THE  EFFECTS  OF  ATMOSPHERIC  CHANGES  UPON 
TEXTILE  BANDS. 

A  paper  read  before  the  iVew  England  Cotton  Mamifacturer^  Association. 


By  C.  J.  H.  Woodbury. 


AVhile  making  some  experiments  upon  the  power  requisite  to» 
operate  a  .spinning-frame  under  certain  different  conditions,  I  found 
that  the  power  required  to  drive  the  frame  varied  so  much  with  the 
tension  of  the  bands,  that  this  varying  circumstance,  for  the  purposes 
of  experiment,  must  be  eliminated  by  having  an  equal  tension  to  the 
band  turning  each  spindle,  that  this  tension  must  be  known  and  pre- 
served constant.  These  requirements  seem  equally  important  for 
economy  of  production.  To  turn  the  spindles  with  a  constant  band- 
tension  just  sufficient  to  produce  the  desired  twist  without  slipping  on 
the  whirl,  and,  on  the  other  liand,  avoiding  an  excessive  stress  which 
would  cause  unnece&sary  friction,  I  believe  would  lead  to  a  saving  of 
power  greater  than  that  claimed  by  any  spindle-maker  for  his  spindle 
over  those  of  his  competitors.  That  i.s,  the  difference  of  power,  caused 
by  correct  and  false  band-tension,  is  greater  than  that  between  any  twO' 
rival  spindles.  By  weighing  the  band-tension  in  various  mills,  it  was 
found  that  the  practice  of  tying  l)ands  lacked  uniformity.  As  an 
example  of  this  variation,  in  one  mill  the  bands  on  a  single  coarse 
frame  are  reported  to  vary  from  one  to  sixteen  pounds ;  in  another 
mill,  on  finer  work,  hiking  a  number  of  spindles  at  random,  the  varia- 
tion was  from  one-half  to  two  and  a  half  pounds;  and  in  a  third  mill 
the  band-tension  was  between  the  limits  of  one-fourth  to  five  pounds. 
Now  this  haphazzard  method  seems  hardly  mechanical. 

Is  it  not  worth  while  for  each  spinner  to  learn  the  proper  band- 
tension  required  for  his  special  work,  and  then  endeavor  keep  within 
those  limits  ?  The  changes  constantly  occurring  in  the  cotton  bands 
used  present  an  obstacle  to  carrying  out  these  plans. 

In  accepting  the  invitation  of  your  Board  of  Government,  I  do  not 
expect  to  impart  any  new  information  upon  the  question  of  changes  in 
length  of  bands,  except  .so  far  as  to  give  matters  of  detail  connected 
with  accurate  measurements  of  these  alterations  in  a  number  of  bands. 
These  measurements  were  taken  by  the  folloAving  method.  Two 
upright  posts  were  firmly  fastened  against  the  wall,  about  ten  feet  from 
each  other ;  the  samples  of  banding  were  extended  between  these,  one 
end  being  fastended  to  a  hook,  and  the  other  passing  over  a  leading 
pulley  to  a  weight.     In  order  that  the  fibre  of  which  these  bands  were 
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compf)se<l  .slioiil(J  Ix'  fn^'  as  )M)s.sil)lt'  to  «'.\j>an«l  ami  ••oiitra'-t,  it  wxs 
desimhlc  to  use  a  light  weight.  liy  exjMrimeiit,  I  found  tliat  with  a 
weight  of  two  and  a  (juarter  pounds  the  hand  defle<"te<l  only  one-t«-nth 
of  an  inch  from  a  straight  hin-,  A  Miih*  against  the  wall  eonnei-t*-*! 
the  toj>s  of  the  u|)right  |k*sLs,  an<i  a  sliding  framework  earrieil  tw«» 
pluinh-Iincs  (fine  wires),  hung  at  right  angh-s,  to  the  handing.  When 
the  samples  had  Ix'cn  under  tension  of"  the  weight  ahout  two  hour>, 
this  framework  was  slid,  until  the  wires  coincided  with  the  division  one 
hundred  inches  f)n  the  s<'ale  ;  then  the  eorrcspoiiding  length  was  rnarke*! 
on  the  handing  with  red  cotton,  and  this  jxjint,  al.so  one  hundre(J  ineh«> 
from  the  extreme  end  of  the  sample,  was  use<l  to  measure  the  dilation 
in  length,  hy  sliding  the  framework  until  the  plane  of  the  wires  c«)in- 
eide<l  with  the  mark,  then  reading  the  distau(v  on  the  si-alr  ahove.  In 
this  manner  I  have  taken  ahout  forty-tiv«'  hiuidn'<i  re:irlings,  all  of 
which  were  measured  upon  the  same  stale,  an<l  under  etpial  condition?^ 
of  accuracy,  diu'in*;  a  period  of  thnn'  and  half  months.  'J'lie  ajjpara- 
tus  was  simple  and  rud*'  in  gem-ral  constru<'tion,  but  it  wa<  sutHciently 
accurate  t*)  in<li(!ate  a  variation  of  less  than  one-fiftieth  of  one  |>ercent. 
ir\  the  length  of  the  s;imples  of  banding. 

It  must  not  he  understo<Ml  that  hy  thi>  methtKl  I  assume  to  n-pro- 
ducc  the  exact  circumstiinces  to  which  a  spinning-hand  is  suhj»*cte<i 
when  in  operation,  hut  simply  to  maintain  the  Imnds  8uhje<-t  to  u  cim- 
st;int  tension,  under  the  «'onditions  given  al)ove,  which  heim;  applie^l 
in  an  identical  inanniT  to  cadi  »;ami)le,  yield  comparative  n^ult.-,  giving 
the  corre<t  relations  of  th»se  sjimples  to  each  other  when  actol  u|M»n  l»y 
the  suiie  sj)eciHc  <':uis<^s. 

A  wet  hulh  hygrometer  hung  near  the  handing,  and  the  readin^j- 
were  noted  whenever  a  measun'ment  of  Ixinding  was  taken.  From  tlie 
comparison  of  the  relative  humidity,  tenijH'ratun',  pressure  of  the  va|x»r 
in  the  atmosj>here,  and  grains  of  water  per  cubic  f»iot  of  air,  it  wa- 
ohservi^l  that  the  changes  variwl  with  the  ditferem-es  of  the  relativ»* 
humidity,  and  also  increi^c  1  with  the  (*antinual  tension  (»f  tlie  weights. 

We  "took  the  weather  a-^  it  «-:ime,"  until  the  twenty-thinl  of 
.January,  when  we  ende:ivoreil  to  n-produce  the  conditions  of  a  do^- 
day.by  adnutting  steam  int«>  the  n)om,  until  the  desinti  inimidity  and 
ti'iupeniture  wert'  obtained.  .Mthou^rh  the  tem|K>ratun'  wa-  not  in 
exirss  of  that  friMpU'Utly  reachetl,  yet  the  vWWi  of  the  moistun*  made 
the  room  .se<'ni  njuch  warmer,  and  swarms  of  insect  life  threw  off  their 
winter  torpor,  and  issuivl  from  the  cracks  in  the  Hoi>rs.  This  moist 
atmospheric  c:»us(h1  all  the  ban<ls,  except  the  one  with  the  linen  o)re,  to 
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stretch.  On  the  26th  of  March  the  same  experiment  was  repeated 
with  similar  results.  With  .slight  increase  of  humidity,  the  bands 
contracted  very  slightly,  and  with  large  increase  of  humidity,  the  same 
bands  stretched. 

Moisture,  causing  cotton  fibres  to  expand  laterally,  shortens  the 
length  of  the  fibre  by  increasing  its  twist ;  if  by  excessive  moisture 
the  twist  is  increased  largely,  the  fibres  would  be  freed  from  the  inter- 
locking of  the  convolutions  to  such  an  extent  that,  if  there  was  a  tension 
upon  the  whole  cord,  it  would  be  lengthened  by  the  slipping  of  the  fibres- 
upon  each  other.  On  the  other  hand,  if  the  band  had  been  stretched 
to  the  limit  of  ela.sticity,  the  fibre,s  would  be  drawn  in  such  close  union 
that  they  could  not  separate  easily,  and  only  the  contracting  effects  of 
moisture  would  be  shown,  without  being  followed  by  excessive  stretch- 
ing. With  different  textiles,  these  changes  would  cause  variation  to- 
the  extent  that  the  adhesion  of  the  fibres  to  each  is  changed  by  alter- 
ations in  their  diameter. 

Mr.  Edward  Atkinson  suggested  that  an  aKsolute  band  might  be 
obtained  by  combining  different  fibres  in  a  proper  manner.  It  was- 
considered  essential  that  the  outside  of  the  band  should  be  of  cotton^ 
as  this  seems  to  be  the  only  substance  used  for  textile  bands,  which 
does  not  polish  long  before  worn  out.  Two  bands  of  this  description; 
were  made,  with  cotton  braided  outside,  one  of  them  with  linen  and 
the  other  with  worsted  core.  This  method  of  combining  the  two  fibres- 
I  believe  to  be  original  with  Mr.  Atkinson.  Cotton  and  linen  have 
been  twisted  together  by  others,  but  such  combination  does  not  wholly 
accomplish  the  object,  as  the  linen  seems  to  lack  sufficient  resistance 
to  check  the  stretch  of  the  cotton,  when  the  linen  threads  are 
twisted  among  the  cotton.  I  have  been  informed  that  cotton  and  linen 
bands  have  been  successfully  used  for  wet-twisting  by  Mr.  T.  Merrick, 
of  Holyoke.  Mr.  E<lward  Kill)urn  writes  that  worsted  bands  were 
once  used  for  cotton-spinning  at  Lonsdale,  and  resulted  in  a  saving  of 
one-sixth  of  the  poAver  until  the  expiration  of  about  two  months,  when 
they  became  so  polished  by  wear  that  it  was  necessary  to  take  them  off. 

In  three  months  and  a  half  the  linen-core  banding  stretched  one  per 
cent,  and  cotton  banding  five  per  cent.  The  daily  results  given  are  the 
average  of  a  number  of  readings. 

Your  attention  is  called  to  the  fact,  that,  while  the  band  with  worsted 
core  changes  in  coincidence  with  the  variations  of  the  relative  humidity 
of  the  atmosphere,  the  band  with  linen  core  changes  in  an  inverse 
manner. 
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A  COMPARISON  OF  THE  PERCENTAGES  OF  PHOS- 
PHORUS IN  BITUMINOUS  AND  ANTHRACITE  COALS. 


By  C.  Henry  Roney,  (\E. 


In  inuny  inetallurjj^ical  o|>erations  a  fuel  practically  free  from  plios- 
plinnis,  as  wt'll  as  sulphur,  ha.>i  been  considered  a  desidoratuni,  and  in 
18G9,  being  interestotl  in  iron  ore  and  coal  deposits  in  both  Eastern  and 
and  Western  Penn.sylvania,  it  became  necessary  for  me  to  determine 
the  percentages  of  l)oth  elements  in  .samples  of  anthracite  coal  as  shipped 
to  market  from  some  of  the  collieries  of  S<'huyiUill  county,  partic- 
ularly as  the  statement  had  freijuently  Ix^en  made  that  our  Sc^huylkill 
anthracites  contiiined  injurious  amounts  of  one  or  both  these  elements, 
Nvhile  the  bituminous  coals,  it  w;is  clainuHl,  were  <-oMij)arativ('ly  free 
from  both,  and  were  further  improved  by  the  eoking  to  which  they 
were  subjectetl  before  ase,  as  a  large  {wirt  of  the  sulphur  was  driven 
off  by  that  pnK't^s.  I  made  a  series  of  analyses  which  satisfied  me 
that  most  of  our  leading  Sciuiylkill  anthracites,  if  (arefuUy  j)repared, 
pickeii  and  screenwl  free  from  shite,  **  bony "  coal,  etc.,  contained 
scarcely  a  trace  of  |»hi»s]»h()i-ns,  but  that  when  carelessly  mined  and 
prepannl  thty  might  contain  injurious  amounts  of  that  element  as  wciU 
:l<  sulphur.  In  coking  bituminous  coal,  jus  little  or  no  phosphorus 
would  l)e  driven  <(tl'  with  the  volatile  bituminous  matter,  the  percent- 
age in  the  coke  would  be  grcjitcr  than  in  the  coal  from  which  it  is 
made,  the  yield  of  coke  by  weight  l)eing  from  twenty  to  forty  per  (rent, 
that  of  the  coal,  depending  on  the  character  of  the  coal  and  the  j)ro- 
cess  of  manufacture,  although  the  increase  in  bulk  may  be  about 
twenty-five  j)er  cent. 

In  the  manufacture  (»f  pig  iioii,  with  the  bhtst-furnacre  in  good 
working  <»rder,  with  an  acid  slag  carrying  very  little  iron,  very  little 
or  no  phosj)horus  is  (-arried  off  in  the  slag,  as  the  conditions  which 
favor  the  j»erfect  reduction  of  the  oxides  of  iron  to  the  metallic  state 
likewi.se  favor  the  reduction  of  the  phosj)horic  acid,  which  then 
oombin&s  with  it,  remaining  in  the  pig  iron  in  pla(!e  of  combining  with 
the  slag  and  being  removed  with  it,  whether  derived  originally  from 
the  iron  ore  or  fuel;  the  .same  j)roee.ss  takes  |)lace  in  the  J >e.s.semer con- 
verter, with  a  siliceous  (acid)  lining,  and  has  been  one  of  the  chief  dif- 
ficulties with  which  it  has  had  to  contend,  iL'^  the  phosphorus   in   the 
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pig  iron  has  not  been  removed  during  the  proces-s  of  deearburization 
l)ut  has  remained  in  the  steel.  The  reeent  announcement  of  Messrs. 
Thomas  aii<l  Gih«hrist's  process  of  dej)hos])horizing  iron  in  the  Bessemer 
<ionverter  hy  the  use  of  a  "basic"  lining,  with  which  the  phosphoric 
acid  can  combine  and  thiLs  bo  removed  from  the  iron,  i>ermitting  the 
use  of  iron  ores  cf)ntaining  large  percentages  of  phosphorus  which 
were  not  heretofore  suitable  for  furnishing  iron  for  the  Bessemer  pro- 
cess, may  also  permit  the  use  of  fuel  which  has  heretofore  l)een  objec- 
tionable for  the  same  reason,  so  that  seams  of  coal  whi<h  have  Iwen 
useless  for  this  purjwse  may  now  be  available. 

My  objecit  has  been  more  to  call  attention  to  the  subject  than  to  give 
the  results  I  obtaine<l  in  detail,  and  in  this  connection  I  submit  the 
following  abstract  from  a  very  interesting  table,  giving  the  percent- 
ages of  forty  specimens  of  bituminous  coal  from  Western  Pennsyl- 
vania by  A.  S.  MeCreath,  Esq.,  of  the  Pennsylvania  State  Geological 
Survey,  presented  at  the  meeting  of  the  American  Institute  of  Mining 
Engineers  this  week,  showing  in  one  specimen  its  much  as 'IGGT  per 
cent,  of  phosphc^riLS  in  the  coal,  and  -2818  per  cent,  in  the  coke  made 
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During:  tlie  })ast  nine  yeai>  Dr.  C.  M.  Crct?son  has  been  employed 
by  tJie  Philadelphia  ct  Reading  Railroad  and  Philadelphia  &.  Reading 
Coal  &  Iron  Company  in  making  analyses  of  coals  from  their  numer- 
ous collieries.  Many  of  these  examinations  have  included  complete 
sections  of  the  whole  vein,  including  the  slates;  others  are  of  large 
samples  of  coals,  weighing  several  hundred  pounds  each,  and  taken 
from  the  schutes  from  which  it  is  about  to  be  shipped  to  market.  I 
aju  also  in  receipt  of  a  letter  from  Dr.  Cresson,  intended  to  be  rciid  at 
tlie  meeting  of  the  American  Institute  of  Mining  Engineers  at  Pitts- 
burgh, on  the  Siime  subject,  and  also  in  reference  to  some  recent  exam- 
inations which  he  has  made. 

417  Walnut  Street,  Philadelphia,  May  14th,  1879. 
W.  E.  C.  CoxE,  Esq.— 

Deaii  8ir  : — By  reference,  I  find  that  the  announcement  that  the 
slates  accompanying  anthracites  frequently  contained  phosphorus,  as 
well  ius  sulphur  w;ls  made  at  the  meetings  of  the  American  Philosoph- 
ical Soc-iety,  held  May  1st,  1874,  and  March  5th,  1875.  The  major 
part  of  the  plutsphorus  is  in  the  upper  slate,  and  varying  amounts  have 
been  got  from  the  dividing  and  lower  slates.  I  have  found  that  the 
riulj)hur  is  generally  distributeil  and  kx^atcd  in  a  similar  manner.  A 
knowledge  of  the<e  facts  enables  the  .selection  of  anthracite  with  a 
minimum  both  of  sulphur  and  of  phosphorus.  In  fact,  the  competi- 
tion for  trade  has  rendered  such  ciireful  j)rei)aration  necessary,  and 
tliere  are  now  mined  and  sent  to  market,  from  Schulkill  county,  coals 
practically  free  from  both  })ho.sphorus  and  sulphur.  I  have  recently 
made  analyses  of  large  samples  taken  from  the  cars  as  they  were  loaded 
for  market  at  the  Boston  Run  and  Hammond  collieries  of  the  Phila- 
delphia and  Rea<ling  Coal  aii<l  Iron  Company,  and  find  that  they  do 
not  contain  an  appreciable  amount  of  phosphorus  and  of  sulphur  but 
0*1233  per  cent,  and  0'0822  per  cent.,  respectively.  You  will  perceive, 
therefore,  that  the  substitution  of  coke,  either  in  whole  or  in  part,  as 
suggested  for  properly  prepared  coals  will  not  improve  upon  the  qual- 
ity of  these  coals  in  respect  to  the  elements  named. 

Respectfully,  Charles  M.  Cresson,  M.D. 
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THK    KKACTIOX    IMUXCIPLK   OF   DY  NA.Mo-KLF/TRIC 

MACIIINKS. 


Hv  Profs.  Edwin  .1.  Houston  and  Elihu  Thomson. 


The  honor  of  the  disoovcry  of  tlie  rieaftion  principle  of  dynamo- 
electric  machines  is  very  generally  accrtHlite<i,  as  indej>endent  inventions^ 
to  Siemens,  Wheatstone  and  Varley,  but  accorded  by  priority  of  pub- 
lication to  Siemens. 

The  idea  of  applying  currents,  genenited  by  a  magneto-electric 
machine,  to  the  strengthening  of  its  own  magnets,  appears  to  have  been 
discovered  as  early  as  1855,  as  will  Ik*  seen. 

It  apjKiars  from  the  re<'ords  o!"  the  British  Patents  that  (»nc  Soren 
Iljorth,  of  Copenhagen,  filed  an  application  for  letters  patent  for  the 
invention  of  "  An  improved  electric  battery,"  as  he  style<l  it.  The 
application  was  seided  the  28th  of  September,  1855,  and  datc«l  April 
11th,  1855. 

The  following  quotations  fntiu  the  completed  specification  will  suffice 
to  show  the  nature  of  the  invention. 

*  *  *  "  Various  attempts  have  l)een  made  t<i  [>riKlu(e  clc-ctricity 
by  means  of  armatures  brought  in  succession  within  the  action  of  {K»r- 
nuuiciit  magnets.  Now  my  invention  consists  in  certain  improved 
arrangements  for  pnKlucing  electricity  in  great  quantity  and  intensity 
by  these  means.  For  this  purpo.'^e,  a  series  of  armatures  on  a  wheel 
revolving  at  a  slow  motion  are  brought  in  succession  between  the  [>oles 
of  permanent  magnets  and  the  |)oles  of  a  series  of  electn>-magnet8 
surrounded  with  spiral  rings  or  coils  of  copjRT."  ♦  *  ♦ 

"  The  action  of  the  battery  is  as  follows  :  The  jK-rmanent  m:igneb* 
acting  on  the  armatures  brought  in  succession  U'tween  their  jkiIcs 
induce  a  turriiit  in  the  coils  of  the  armatures,  which  current,  after 
having  Ikvu  caused  l)y  the  commutator  to  How  in  one  dirtntion,  passes 
around  the  electro-magnets,  charging  the  sime  and  acting  on  the  arma- 
tures. By  the  mutual  action  iR'twirn  the  electro- mag  nets  and  the 
jirmatures  an  oscillating  ft)nv  is  obtaineil  which,  in  the  result,  pro«luces 
electricity  greater  in  quantity  and  intensity  than  luis  hitherto  been 
obtaiutxl  bv  anv  similar  means." 
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After  the  above,  the  .step  towards  the  use  of  electro-niagnets  only, 
Avhich  retain  a  slight  amount  of  residual  magnetism,  as  is  now  ooni- 
mon,  wjw  but  slight;  hence  the  honor  of  the  discovery  needs  still  further 
division. 

Central  High  School,  Philadelphia,  June  4,  1879. 


REPORT   ox   THK    EXPERniENTS  with   the    ELECTRIC 
LIGHT  ON  THE  VICTORIA  EMBANKMENT,  LONDON. 


The  joint  official  report  of  Sir  J.  W.  Bazalgette,  the  engineer,  and 
Mr.  T.  \V.  Keiites,  the  consulting  chemist  of  the  Metro})olitan  Board 
of  Works,  has  recently  been  made  public,  and  is  a  model  of  what 
such  a  report  siiould  be. 

For  the  first  time  in  the  history  of  the  electric  light,  as  applie<l  to 
."Street  ilhimination,  we  have  a  s<'rie,s  of  data  laid  before  us  about  who.se 
awuracy  there  can  be  no  donl)t.  Hitherto  such  reports  have  emanated 
from  either  g-.L-^-managei-s  or  ekn-tricians,  who.se  interests — wrongly  we 
think — have  been  held  to  be  opposed  to  each  other;  hence  the  singular 
discrepancies  in  the  data  which  have  been  issued  uj)  to  the  j)resenttime. 
It  must  be  })erfectly  understood  that  we  in  no  way  intend  to  make  the 
slightest  imj)utation  against  the  honor  of  the  author;^  of  these  reports  ; 
Init  when  one  side  tells  us  that  the  electric  light  is  cheaper  than  ga.s, 
and  the  other  that  gas  is  cheaper  than  the  electric  light,  we  can  only 
a(*count  for  the  di.^^cordance  of  opinion  by  supposing  that  the  reporters' 
judgment  must  have  been  uncon.sciously  influenced  by  their  anterior 
convictions.  In  the  present  instance  we  have  the  conclusions  of  two 
eminent  public  officials,  who  have  no  other  interests  to  serve  than  thase 
of  the  community  at  large,  and  who  are  wholly  independent  of  the 
advocates  or  oj)ponents  of  either  system  of  lighting. 

We  regret  that  we  cannot  follow  the  reportei*s  through  all  the  elab- 
orate .series  of  calculations  whi(;h  they  have  laid  before  us  ;  we  can 
only  gather  a  few  of  the  results  of  their  carefully  conducted  experi- 
ments. One  great  jx)int  which  has  been  decided  on  the  Victoria 
Embankment  is  that  the  steadiness  of  the  light  is  in  a  great  measure 
de])endent  on  the  regularity  with  which  the  motive  power  is  supj)lied 
to  the  electric  machine.  In  the  present  case  this  uniformity  of  power 
was  .»<ecured  by  the  use  of  a  specially  constructed  20  horse-power 
engine,  provided  with  an  automatic  governor  of  extraordinary  sensi- 
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tiveness,  the  whole  being  siij)plied  gratuitously  for  three  months  by 
Messrs.  llansomes,  Sims,  and  Heiid,  of  Ipswich. 

The  e-\periinont.s  upon  wliioli  Me.s>;rs.  Hazalgette  an<l  Keates'  figure^ 
are  founded  began  on  January  *J4th,  and  were  continued  until  February- 
5th,  Sundays  excepted,— or,  in  other  words,  for  twelve  nights,— the 
engine  being  driven  ibr  o*o  hours  each  night,  the  whole  'H\  lamp:- 
being  lighted.  The  mean  daily  cost  of  working  the  engine,  including 
wages,  was  found  to  be  £1  9s.  8^d.,  or  3-24d.  per  lamp  |)er  hour.  The 
cost  of  the  whole  plant  wils  £1*280,  but  a  smaller  engine  would  be 
quite  sufficient  for  the  purpose;  the  capital  rc<iuirc<l,  tlM-rcfore,  might 
be  reduce*!  to  £990. 

"The  accurate  estimation  of  the  amount  of  light  given  oti*  by  tin- 
electric  arc  and  ignitcnl  carbons  is,"  Siiy  the  re|)orters,  "a  matter  of 
greiit  ditticidty,  so  much  so  that  the  best  results  which  have  been 
obtaine<l  can  only  be  looked  u|>on  as  fairly  approximating  to  the  truth." 
This  difficultv  arises  from  two  cau.ses  ;  first,  from  the  ditt'erencvin  color 
between  the  electric  light  and  any  standard  of  light  at  our  command  ; 
and  secondly,  the  fluctuating  character  of  the  elei-tric  light.  The  pho- 
tometrical  experiments  made  on  rhe  Embankment  were— 1st,  on  thr 
naked  light;  2dly,  on  a  light  with  a  opaline  glob<',  and  .*Jdly,  on  a 
light  with  a  granulatcnl  globe.  The  measurements  were  made  with 
an  ordinary  bar  })h(»tometer,  fittetl  with  a  movable  screen  with  a  star 
disk. 

The  standaril  unit  of  light  which  was  u.>*c<l  was  a  sperm  oil  lamp, 
specially  constructed  for  the  purpose  by  Mr.  Sugg,  and  fitteil  to  the 
photometer  by  a  peculiar  balan<v,  by  which  the  necessity  for  removing 
the  lamj)  during  the  course  of  any  luimltcr  of  ex|)eriments  is  obviate<l. 
The  unit  of  light  given  by  this  lamp  was  equal  to  1<)  I*arliam»'ntar)- 
standard  sperm  candles.  Twenty  readings  were  made  on  ejich  exjH'ri- 
ment,  both  with  open  and  shade<l  lights, — that  is  to  s;iy,  1(50  on  the 
naktnl  light,  24  with  the  i)paline  globe,  and  1()  with  the  granulatetl 
globe.  The  following  are  the  mean  results  obtaine<l  in  the.<e  exjxri- 
ments  : — 

Naked  light  378T  sperm  mndles. 

Opaline  glolx^  .  .  1.54-9 

Gnuuilateil  globe  .  .  265-0 

The  lo.<s  of  light  prmUu-eil  by  the  oi)aline  glolns  is  59  per  cent.:  by 
the  gnuiulatetl  globes,  29-9  jxr  cent. 
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Taking  the  above  data  as  approximately  correct,  the  gross  output  of 
light  from  the  twenty  Jablochkoif  candles  amounts  to  7562  candles, 
nearly  60  per  cent,  of  which  is  absorbed  at  once  by  the  opal  globes. 
There  are  also  two  other  sources  of  loss  :  first,  from  the  greater  thick- 
ness of  the  opal  glass  in  the  lower  third  of  the  globes ;  and  secondly, 
from  the  fact  that  the  most  favorable  direction  for  the  projection  of 
the  light  from  the  Jablochkoif  candle  is  upwards,  there  being  an 
actual  diminution  of  light  horizontally,  and  still  more  so  downwards. 

On  the  14tli  and  15th  of  March  a  very  important  experiment  was 
made,  with  a  view  of  ascertaining  whether  the  circuits  could  be  in- 
creased in  length  to  a  considerable  degree  without  diminishing  the 
apparent  value  of  the  lights  on  such  circuits.  The  Westminster  and 
Waterloo  circuits — that  is  to  say,  the  two  at  each  end  of  the  line — 
were  thrown  into  one,  the  total  length  of  the  wire  being  7063  feet, 
three  of  the  lights  being  at  the  Westminster  end  and  the  other  two  at 
the  Waterloo  end.  The  lights  burned  with  apparently  equal  brilliancy 
as  when  short-circuited,  and  on  the  following  day  the  length  of  the 
line  was  increased  to  8815  feet,  or  l*6i8  mile,  but  still  without  any 
perceptible  effect  on  the  light.  AVe  believe  this  is  the  longest  circuit 
ever  attempted  to  be  used  with  an  alternating  current  machine,  and 
the  success  of  the  experiment  has  a  very  important  bearing  on  the 
general  question  of  electric  lighting. 

We  have  said  before  that  the  cost  of  a  plant  necessary  for  working 
twenty  Jablochkoff  lights  is  £990.  The  interest  on  this  at  5  per  cent, 
would  be  £49  10s.,  and  taking  wear  and  tear  at  10  per  cent.,  £99,  we 
get  a  total  of  £148  10s.  Taking  the  whole  time  during  which  the 
lamps  are  lighted  in  the  year  at  3600  hours,  say  10  hours  a  day,  the 
cost  of  use  of  plant  for  each  light  per  hour  is  0*4  9d.*  To  this  we  must 
add  3*24d.  per  light  per  hour  for  the  cost  of  producing  the  light,  and 
2d.  per  hour  per  candle,  making  a  total  of  5"73d.  per  light  per  hour 
all  the  year  round.  Let  us  now  compare  the  cost  of  gas  with  the 
latter  figure.  The  light  in  the  opal  globe,  as  given  above,  is  in  round 
numbers  equal  to  155  candles,  and  in  the  granulated  globe  to  265  can- 
dles. To  produce  a  light  equal  to  125  candles,  one  of  the  larger  Sugg 
burners  consumes  48  cubic  feet  of  gas  per  hour,  while  to  produce  a 
265-candle  light  we  should  require  83  cubic  feet  per  hour.  The  cost 
of  the  former  quantity  of  gas  may  be  taken  at  2d.,  of  the  latter  at 
3'5d.,  or,  to  put  the  matter  more  plainly, 
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The  cost  of  the  (.Icctrir  li^lit  is  .  .     oT.'J  jx^r  hour. 

Gax  o(|iiival«'Ht  to  ( lortric  lij^ht  in  opal  ^lolx-,  2'()0        " 

"  "  "  fnisto*!  "  .*{o(» 

We  have  therefore,  at  hi.st,  a  .series  of  fipires  on  this  inii>«>rtai)t  sul)- 
jeet  wliicli  ejuiuot  possibly  Ik*  <!oiil)twI.  The  ex|)orinients  \vhi<'h  have 
vi«'I(l(<l  them  havf  Imcii  (-jirrietl  out  with  the  greatc-st  e:in*,  and  every 
|tnnuition  \\i\>  Ix'en  taken  t<t  rcndtr  them  m  eorreet  that  all  ftitiin' 
<-:ivil  or  controversv  will  l)e  avoi<le«l  ;  the  pmetie:il  ont'-oiiM-  of  the 
matter  hein^  that,  usiii  in  the  In-st  {vtssiMc  manner,  the  amount  of 
illnmination  in  hotli  eases  Ixiing  efjual,  the  ehn-trie  light  eost-s  1  j(  times 
jLH  mueh  jLs  pts. 

Sir  William  Thomson  gave  some  valuahh*  evidence  on  Friday  Ixfore 
the  Sele<'t  Committee  engtigod  in  considering  tlje  siihject  of  the  ele<-tric 
light.  lie  said  that  whereas  one  hor8e-|Miwer  of  energy  would  only 
|»nM|iicc  ri-cjindle  gjis  light,  it  might  pHHluce  24(K^W-:indlf  eh-^-tric 
light.  "  The  u|»shot  of  the  exjM-riment.s  made  at  the  factorv  of'  .Mj-ssrs. 
Sienjens,  at  W(Milwich,  and  at  tin-  natunii  philosophy  class  (»f  the  I'ni- 
versitv  of  KdinlMirirh,  \\:ls  that,  allowing  the  |)racti<-al  estimate  of  one 
h(»i"s<'-|M)wcr  apj)lied  in  driving  the  ••ngine,  it  had  j)ro«liuf«l  12<H)c:in- 
dles  of  a<'tual  visible  ele<'tric  light,  half  the  gn)?»  energy  going  to  pn>- 
du««'  the  light  while  th<'  other  half  was  lost  in  heating  the  machine 
and  the  wires.  .Vs  the  electric  light  was  such  an  et-onomiciil  pnwlucer 
he  antici|)ate<l  that  it  had  a  gre:it  and  imme<liate  future  U'fore  it.  He 
lKdiev<*<l  U'fore  long  it  would  Ihj  u»od  in  ever>'  ease  where  a  fi.xe<l  light 
was  nipiired,  whether  in  large  riM>ms  or  >mall  one> — «'ven  in  pas-^igj-s 
and  stainiis<>s  of  privat*'  dwellings.  There  was  immeUM-  promix'  in 
the  actual  work  cjirried  out  hy  practic:il  men  In  the  pn>sent  «lav.  Then' 
was  a  prtxligiously  greater  tHHtuomy  in  the  tninsmi.'v-ion  of  methanic:il 
force  into  energy  in  the  case  of  the  elei'tric  light  than  in  the  cttsc*  of 
gjts.  W  iih  regard  to  regulators  for  the  clwtrie  light,  he  had  .seen  one 
i\\v  previous  (lay — th«'  Siemens  n^gulator — which  gave  a  steady,  ptire 
and  (piiet  light.  Tlu'  cltHtric  light  was  csiH-f'ially  adapte«l  for  In'ing 
placetl  high  where  it  illuminated  a  wide  area.  It  might  U'  put  upon 
an  iron  |)ole  raisetl  60  fwt  high,  «»r  the  old  French  plan  of  swinging  a 
lamp  on  a  wire  fn»m  one  si«le  of  the  strint  to  the  other  might  U-  follo\ve<l 
with  advjiutage.  Such  a  |>lan  wouM  U-  u-<-ful  in  doing  awav  with  tijc 
neivssity  for  o\m\  ghilK-s,  which  »lestroyeti  a  large  ipiantity  «»f  the  illu- 
minating tpiality  of  the  light.  Indce<],  he  was  surpristtl  that  those 
glolx-s   ha»l   ever  lM>t'n   us«h1^  wasting  as  they  did  60  or  (JO  |K;r  ivnt.  of 
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the  illuminating  power.  He  considered  that  the  advantages  of  using 
the  electric  light  within  buildings  would  be  very  great,  because  of  the 
small  eff'ect  it  would  have  when  compared  with  gas  in  heating  and 
vitiating  the  atmosphere.  In  the  case  of  electricity,  the  waves  of  light 
only  became  converted  into  sensible  heat,  not  in  tlie  air,  but  on  the 
ceiling  or  walls  and  floor  of  the  room  after  they  had  done  their  work. 
With  regard  to  the  subdivision  of  the  light,  according  to  practical 
experiments,  if  the  same  amount  of  energy  that  was  used  in  producing 
one  large  light  was  employed  in  producing  ten  feebler  lights,  none  of 
those  lights  gave  one-tenth  of  the  amount  of  illumination  of  the  one 
large  concentrated  light.  Still  there  was  nothing  mathematically 
impossible  in  the  matter,  and  it  was  (juite  possible  that  a  plan  of  sub- 
division might  be  found  by  which  the  ten  feebler  lights  would  give  a 
sum  of  illumination  cipial  to  that  of  the  one  larger  light.  He  consid- 
ered that  the  electric  light  as  now  developed  was  fit  for  use  in  large 
rooms." 


A  Fatal  Colliery. — In  a  recent  explosion  of  fire-damp,  in  the 
Agrappc  miiu',  near  Mons,  147  lives  wore  destroyed.  Thirty  years  ago, 
in  an  ('xj)losion  which  was  c-aiiscd  by  the  imprudence  and  obstinacy  of 
M)me  of  the  workmen,  750  men  were  lost.  Four  years  ago,  118 
miners  were  killed  in  the  Siunc  shaft,  and  work  was  resumed  in  it  only 
two  months  before  this  third  fatal  explosion. — La  Nature.  C 

The  Longest  Tunnel  in  the  World.  —  Notwithstanding  the 
magnitude  of  the  St.  (xothard  Tunnel,  its  length  is  not  so  great  as  that 
of  the  gallery  of  the  Joseph  II.  mine,  in  tlie  Hungarian  valley  of  the 
Grau.  It  was  begun  in  1 782,  to  drain  the  mines  of  Schemnitz,  and 
has  been  continued,  with  many  interruj)tions,  until  its  recent  comple- 
tion. The  Sutro  Tunnel  is  6147  metres  (.3*82  miles)  long;  the  Mont 
Cenis,  12,233  metres  (7-6  miles)  ;  the  St.  Gothard,  14,920  metres  (9-27 
miles);  the  Joseph  II.,  10,538  metres  (10-28  miles).  The  totiil  cost  of 
the  last  tunnel  has  been  1 1,497,500  francs  ($2,299,500).  It  is  of  great 
geological  value;  it  has  opened  a  new  region  of  rich  mining  property; 
it  has  supplanted  all  the  pumping  engines,  thereby  effecting  an  annual 
saving  of  §50,000  ;  it  has  opened  the  way  for  the  employment  of  new 
inventions  and  new  methods  of  working  which  will  render  all  the  trib- 
utary mines  more  pro<luctive  and  more  profitable. —  Im  Nature.    C. 
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Artificial  Lithographic  Stone. — A.  Ke^ol,  (.f  (iotlia,  ha-  toiin.l 
that  artili<ial  j)lat<-s  of  Poithind  cfiiH'iit  may  Ik:  iw-<l  with  a«lvaiita>^ 
in  lithography  as  a  siihstitiitc  tor  tlic  costly  S)hrhofV'ii  ^tolH•. —  hiiK/lcrH 
Jounifff.  < ". 

Hydraulic  Tubing. — <>.  I'armvicini  it<<.iiiiii«'inl-  a  more  j;('ii«TaI 
hiihstitution  (»f  tcrnicottaaiKl  (viiiciit  tiilx's  for  tho-^c  of  hrirk  aii«l  -tone,  in 
sewers,  water-ways  ami  other  sitiiilar  uiHlerjrroimd  strm-tiin-s.  Ainon^ 
the  advaiiUijiit'S  whirh  he  eniiinrnites  are:  1,  Ke<lueed  eost  «»f  foumla- 
tioiiH  ;  2,  EsLse  of  huildiii^  in  ruinjiiif;  water;  ."i,  Ssiving  of  tinic  in  <<.ii- 
striietion;  \,  l*os«;il)ilitv  of  carrviiiir  on  thewurk  in  \«int<r  and  at  otht-r 
times  when  lal)or  is  chea]). —  //  I'ofHf fttiro.  C 

Steamship  Improvement. — It  i>  interesting  to  eom|ian'  tin-  pn- 
Kjiit  perforinanee  of  the  tnmsatlanti*'  steamers,  and  their  relative  eon- 
snttipti<m  of  eoal,  with  the  same  data  in  1H40.  The  Briftintiir,  of  tin- 
White  Star  Line,  made  average  juussa^ts  in  the  y»-ar  lf<77  in  7  days 
10  hours  and  o.'i  minutes, consuming  les«;than  250  l<ilojrr;unnn's(oorio5 
lbs.)  of  eoal  for  lOOO  kil«»j;nimmes  of  freight,  and  havin«;  an  average 
s|H'e<i  of  \ryV)  knots  jM-r  hour.  ( )n  the  other  hand,  in  IS  10  the  liri- 
tnnnUi,  the  most  famous  steamer  of  its  day,  us<'<|  2400  kilo<rrannn»s 
(5291*0{)1  ll)s,)of  eoal  pfT  l(H»n  kiloL'nunmes  of  fivight,  with  an  avti- 
age  vel(K-ity  of  onl\-  s.',  knot>  jK-r  hour.-    Fmim-hr.  thr  /,  if.  ( '. 

Unity  of  Geological  Forces.     ^^ .  H.  Ilerneite  (xplain-  the 

great  ditliiiiKc^  in  the  tiuui"""  <<t'  the  |ilanets,  by  the  <'oml»iiinl  aetif»n 
of  eentrifnira!  forre  and  tin-  distribution  ot"  solar  lu-jit.  Mai's,  for  exain- 
ph',  is  Hattened  at  the  poles  I ty  a  |K'r«-entai:r  which  is  nine  times  a-^gnat 
a.s  that  (»f  the  Earth,  althi>ugh  the  ratio  of"  the  ivntrifug-al  for^v  to  grav- 
itation is  nearly  the  sjune  in  each  of  the  tw(»  planets.  In  the  h^irth,  tlx- 
fret;  cireulation  of  tluMHt-an  wateix  mak<s  thetiguix*  of  thegloU'  nearly 
the  sjune  as  if  it  was  entirely  liquid.  Hut  in  Mars  the  oe^-jin-;  are 
mostly  of  a  Mediterruiean  charieter,  so  that  the  eipiatorial  e.\pan->ioii 
by  heat  ami  the  polar  expansion  l>v  cold  |triMhuv  an  incn-rtse*!  relative 
polar  compression.  Ilerneite  i^ivo  reason^  lor  thinkiui;  that  the  jilav 
ot'  volcanic  forces  has  Ix-en  of  nuieh  less  importanee  than  has  Uin 
eotniiioriK  imagined.  He  examini>s  espe«'ially  the  tlui»rv  that  voleanoH 
act  as  siifety-valves,  and  tinds  that,  for  such  a  |»ur|x»x\  each  volumie 
ehinuiey  shoidd  have  an  areji  of  moix'  than  a  S4|uar<^  kil«»meti'e. 
(10i>:?()2:M  1  s<piaiv  yards). — IjCh  J/om/«v<.  C\ 

Wmn.K  Nu.  Vol..  evil  I. — 'Tiiiud  Skkii-j^,  Vol.  Ixxviii.'  .j 
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Comparative  Strength  of  Wood  and  Iron. — Heim  finds  that, 

in  most  cases,  a  unii'orm  strength  of  structure  can  be  more  economically 
secured  bv  the  use  of  wood  than  by  the  use  of  iron.  The  strength  of  wood 
is  proportioned  to  its  density',  and  can  be  increased  by  its  immersion  for 
two  or  three  days,  or  until  complete  saturation,  in  linseed  oil,  kept  at 
a  tem}>emture  of  from  150°  to  212°  Fahr. — Fort^chr.  der  Zi'it.     C. 

Artificial  Imitation  of  Native  Iron. — 8.  Meunier  has  confirmed 
his  theory  in  regard  to  the  terrestrial  origin  of  the  supposed  meteoric 
native  in^n  of  Greenland,  by  the  action  of  prot<x-hloride  of  iron 
and  chloride  of  nickel  upon  fragments  of  iron  in  a  porcelain 
tube.  He  thus  obtained  a  fac-simile,  upon  a  microscopic  scale,  of  the 
huge  blocks  which  were  brought  from  Disco  by  M.  Nordenskjold. — 
Comjjfcs  Rendiis.  C. 

Relations  of  Fusion  to  Molecular  Oscillation.— 11.  Pictet 
supposes  that  the  temperature  may  be  represented  by  the  length  of  the 
calorific  oscillation  of  the  molecules  of  a  body,  and  from  this  hy])oth- 
esis  he  deduces  the  two  following  laws:  1.  The  higher  the  melting 
point  of  a  solid,  the  shorter  are  the  molecular  oscillations.  2.  The 
products  of  the  temperatures  of  fusion  by  the  lengths  of  oscillation, 
are  constant  for  all  solids.  The  laws  are  confirmed  by  all  the  metals 
of  which  the  coefficients  of  dilation  have  been  determined  with  suffi- 
cient accuracy.  iSimilar  relations  hold  good  for  the  elements  of  vola- 
tile liquids,  when  they  are  comj)ared  at  their  boiling  points.  These  laws 
mav  be  classed  with  the  law  of  constancy  between  the  products  of 
atomic  weight*'  and  specific  heats. —  Compfes  JRenda-s.  C 

Microphonic  Study.— Boudet  de  Paris  has  experimented  with  a 
microi»lionic  transmitter,  in  which  the  carbons,  instead  of  being  pressed 
by  a  spring,  ary  simply  kept  in  contact  by  a  bit  of  paper  folded  like  a 
V.  It  was  so  sensitive  that,  with  a  single  Leclanch^  cell,  and  at  a 
distance  of  500  metres  (1G40*4  feet),  the  receiving  telephone  repro- 
duced the  message  so  that  it  could  be  heard  in  all  parts  of  the  hall. 
By  increasing  the  amplitude  of  the  vibrations  he  found  that  they  were 
of  two  kinds  :  1.  Large  vibrations,  or  rather  undulations,  which  always 
occurred  in  the  same  order  for  any  given  word  or  vowel.  2.  Small 
vibrati(ms,  very  short,  very  numerous,  looped  upon  the  larger  ones. 
He  thinks  that  the  undulations  are  due  either  to  the  force  of  the  breatli 
which  necessarily  accompanies  the  emission  of  the  voice,  or  to  the  iner- 
tia ol'  the  instrument. — CompteH  Rendiu.  ,^1^      C. 
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Artificial  Ultramarine.— 'i*lii>  |)r<Klii(t  ha-  alnifist  wholly  .sui>- 
planteil  the  colmlt  dyes,  arxl  it  \\'.\.<  lar^a-ly  taken  the  plac-e  of  Prasr^ian 
and  other  l.liu-s.  In  1H<)2  tlie  total  j»ro<liietion  \v;t<  :55o(]  tons  ;  in  1872 
it  had  ri^'n  to  HoHo  tons,  exclusive  «tf  tlie  amounts  nianuliietured  in  aii 
Enjrlish  and  in  an  American  ta<t<.ry.  'Jhc  i»re»ient  product  i.s  prolwhly 
over  rJ,(M»(M<tns.  The  materials  cm|tl<.yc<l  in  the  niaiuifacture  are 
.sulphide  of.sixliuni,  sulphate  and  carl>onate  cf  MMla,  sulphur.  t-irUjn  and 
siliwites  of  alumina. — La  Gaceta  Induxi.  C. 


Franklin    Institute 


Hai.i,  (»i-  tmk   Institutk,  June  18th,  1879. 

The  stated  meeting  w:ls  calle<|  to  order  at  S  o'chnk  V.  M..  tin; 
Tn'siilcnt,  Mr.  William  I*.  Tatham,  in  tin- chair. 

There  were  j)resent  \M  mend»ei-s  and  i>."5  visitor-. 

The  minutes  of  the  last  nie<'ting  were  nad  and  approvc<l. 

The  A<-tuarv  prescntjnl  the  minut<'s  of  the  I^oanl  of  Manapi^,  and 
announee<l  that,  at  the  l:L<t  meeting:,  11  jK-i-sons  were  electi-tl  members 
of  the  Institute,  and  re|»orte<l  also  the  followiuir  <lnnation.'«  to  the 
Lihr.iry  : 

l^i<'litli  Annual  Iveport  of'  the  iJoard  ot  Kei:ent>  ot  thi'  >initliS4inian 
Institution.  I'rom  the  Institution. 

First  t«»  Fourth  (  ataloixue.-  of  the  Central  University,  Richmond. 
Kv.  From  Prof.  Tohin. 

Programme  of"  the  Sxcnth  .\nnual  Fxhil)iti<in  in  ( 'hii-.ipi. 

Frfun  the  K.\|Misition  Company. 

Indii>irial  Art  llducation.      Hy  \N'.  Smith.  From  the  Author. 

Third  Report  of  the  New   York  Stati-  Survey. 

From  .lames  T.  CJanlner.  Hirt^-tor. 

.Ninth  Re|>ort  ot"  the  Hoanl  of'  Trust<'«>s  of  the  Illinois  Industrial 
Univei*sitv.  From  the  Ji^wnl. 

Sevi'iith  Report  ot  the  Heard  o|  l>ir»<ii>i-  oi  iiu-  Z<Milo<ri«-:d  Sn-iety 
of  Phila»lelphia.  From  the  Sn-icty. 

(Jreat  JUast  at  (llentou.      Hy  Kllis  Clark,  .Ir.      Fn»m  the  Autlior. 

lu'lMMt  i>f  Permanent   Committir  of  the  Fii>t    International   Con- 
gre.<i?  at  \'ienna. 
From    he  MeteoroU>gii'Jil  Ctunniittee  of  the  Hoyal  Soeicty,  I>indon. 
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Mercantile  Library.     Finding  List,  From  tlie  Library. 

Lists  of  Beacons,  Buoys,  etc,  in  the  Light  House  Districts. 

Annual  Reports  of  the  Light  House  Board. 

Experiments  on  Babbage's  Method  of  Distinguishing  Light  Houses, 

Compilation  of  Public  Documents  and  Extracts  from   Reports   and 
Papers  Relating  to  Light  Houses. 

List  of  Lights  on  the  Northern  Lake  and  River  Coasts  of  the  United 
States. 

Specifications,  etc.,  ibr  Light  Houses  at  Thirty-mile    Point,  N.  Y., 
Hilton  Head  Range,  Fort  Ripley  Shoal,  etc. 

Light  House  Papei*s. 

Laws  Relating  to  the  Acquisition  of  Title  to  Land  Required  for 
Light  House  Purposes. 

Laws  of  the  United  States  relating  to  the  Estabh'shment,  Support, 
etc.,  of  Light  Houses,  Vessels,  etc. 

Extracts  from  Rejjort  of  Her  Brittannic  Majesty's  Commission 
Appointed  to  Inc^uire  into  the  Condition,  etc.,  of  Lights,  Buoys  and 
Beacons. 

List  of  Light  Houses,  Lighted  Beacons,  etc.,  on  the  Atlantic, 
Gulf  and  Pacific  Coa.sts  of  the  United  States. 

Charts  showing  Positions,  Range,  etc.,  of  Lights  in  Light  Houses 
on  the  Coast. 

Plans,  Drawings,  et<'.,  of  J^ight  Houses,  Buoys,  Fog-whistles,  etc. 

From  the  Light  House  Board. 

Xintli  Report  of  rh(>  President  and  Directors  of  the  Lake  Shore 
and  Michig-an  Southern  Railway  Company.        From  the  Company. 

Revised  Regulations  for  the  Government  of  the  Life-saving  Service. 
Reports  of  the  Operations  of  the  I-iifc-saving  Service. 

From  the  Life-saving  Bureiiu,  W^ashington. 

Report  of  tiie  Superintendent  of  the  Seventh  Census. 

From  the  Census  Bureau. 

Useful  Infomiation  Pertaining  to  the  Generation  and  L^se  of  Steam. 
By  Babcock  &  Wilcox,  Xew  York.  From  the  Authors. 

Pottery  and  Ponielain  at  the  Paris  Exposition. 

From  J.  E.  Caldwell  &  Co.,  Philadelphia- 
Quarterly  Report  of  the  Chief  of  the  Bureau  of  Statistics. 

From  the  Chief  of  Bureau,  Washington. 

Notes  on  the  Life  and  Character  of  Joseph  Henry.  By  James  C 
Welling.     Philadelphia.  From  the  Author. 

Graphical  Method  for  Finding  the  Real  Roots  of  Numerical  Equa- 
tions of  any  Degree.     By  W.  H.  Hunt. 

From  W.  H.  Bixby,  New  York. 
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Annual    lu-jxirt    <>f'  tin-   S-cnt;»rv  itf  tin-  AnMTi«-:in    Irmi    iin<l   Su-*-! 
AswK'iation. 

I*nM-c<-<lin^>    of  tli»    ( '<»iiv»Mti<»n   of  Iron   an<l    iStfel    ManuliwlunTs 
atii.l  I  lull  ( )n-  |*nKln«'<'r>,  li<'l<l  at  I'itt.-Knr;^'. 

From  tin-  Aiinri(-an  Iron  and  St»-«-|  Av^M'iatioii. 

|{«'l»ort    oil    ili«-    HriiliriiiL''  ol    the    .Mis-ii>^^i|»j»i    Kiver.       Hv   (i.    K. 
W  arnii.  I'^-omi  tin- Cliirf  of  Kn^iiUN-rs. 

I  )o<iirn<'nt>  Rtlati\f  to  tin   (  )ri^Mn  an<l    IIi>.tor>   of  tin    Sniitli>onian 
In<(itntion.      \\\   \\ .  .1.  Rlir.>.  Fruju  tJu-  Iitstitution. 

S|M'<'ifi<':ilionN   an<l    I)r:iwin;;s  of    Patents    i.ssiioii    Troni    tin     I'nit<tl 
Stati-  I'atiiit  OtliiT.  for  .1  anna rv  ami  F(l»rnar\,  \9,~\\. 

From  \\iv  Fati  III  (  )ni«i . 

Armiiiil   i;.  |.. .11  .,('  till   (  "liirf  .Si;_r|,;,l  (  )|1u-,t  to  tlif  SwD'tan- of  War. 
From  A.  .1.  M<vct,  Chief  Si«rnal  (>tH«'«*r. 

.\l|»lialMtiral     Index    of    l,*at4iits    and    A))iiIi<-}iMt.'>    f«»r    PaUaibi  of 
Jnvcntioii.  From  tin-  ( 'ommi>>ionrr^  of  Patents,  lionihtn. 

U«'|»ort  on  Sat<tv-\  iKi   T.  -t-  m  ,di-  at  tin-  Initid  Stat*-  Navv  Y  ••  ! 
AN'asliitj^ton. 

Iron  Mamdin-tnns  in  (ireat  Britain.      I»\    It.  11.  Tliurston. 

Annual  ii«'|M)rt  «»f  Cliief  of  Hurt-iiu  of  Steam  Kn<riiKvrinjr 

KejMirt  of  tilt'  Boani  to  Kf«omm<nd   a    Standard    ( Jaujrt'  lor    lio!t>, 
Nuts,  <'t<'.,  for  I'.  8.  Navy. 

K'rport  on  the  Horifjihort*  BoiU-r,  suhmitUtl  to  tin-  Navv  I)e|mrtment. 

Iu'|M»rt  on  the  A.'*heroft  Furnm"<'-<l(M>r-  and  ( Jrafi'-lKir-. 

Kejtort  on  the  Mnrjthy  (inite-bar. 

Report  on   the   Twtt  Kind*   ..('('.,il    Si.l..,.;fi. J    l.x    ii,.    <  ln^siiM-iike 
A'  Ohio  Railroad  (\xU  Ap.'n(\ 

Ri^jister    of  the    ('ommi>-«ionf<l.   ete..    (  Mlietis    of  the    Navv    of  tin* 
I'niled  SimIi-..  Iii.Indliiij  (  )iT). .  I ■«  .if"  tl|.'  Marinr  Coriifi. 

Inmi  Chief  Kn<rinirr  Fitrh. 

U<'>oiir«-«'>  of  (lie  I   nil*-*!  Staler-  tor  Slnt|»  liu-thandrv  and  the  \V«xd 
Manufaetuiv.      By  .1.  h.  Hayes. 

Shwi)  nu.«il»aiulry  in  the  Stuth.  B\   .1.  L.  I  lav.-. 

Anu>ri«'}in  Textile  Maehiuerv.  d<.. 

l*n»tt'<'tive  Question  AWn»ail.  do. 

IVitiH'tiv*'  (Question  at  Ilo.-ne.  ,1,,. 

Notes  upon  I  ud  i^^o.  do. 
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Tariff  Policy  of  England  and  of  the  United  States  Contrasted.     By 
E,  B,  Bigelow. 

Awards  and  Claims  of  Exhibitors  at  the  International  Exhibition. 

Bulletin  of  the  National  Association  of  ^Yool  Manufacturei*s.  Vol. 
5  to  Vol.  9. 

Directory  of  the  United  States  Textile  Manufacturers. 

From  the  National  Association  of  Wool  Manufacturers. 

Report  of  tiie  CommLssion  on  Site  for  Naval  Observatory. 
Wa-^hington. 

Investigation  of  Corrections  to  Hansen's  Tables  of  the  Moon.  By 
S.  Newcomb.     Washington. 

Report  on  the  Difference  of  Longitude  l)et\veen  Washington  and 
Detroit,  Mich.,  etc.     By  J.  R.  Eastman.     Washington. 

Report  on  the  Difference  of  Longitude  between  Washington  anil  St. 
Louis.     By  Win.  Ilarkness.     Washington. 

Report  on  tiic  Difference  of  Longitude  between  NN'ashington  and 
Ogden,  Utah.     By  J.  K.  Eastman.      \\'ashington. 

Meteorolojjiwd  Observations  made  at  the  United  States  Naval  Obser- 
vatory.      Wa'^hington. 

Tables  of  Instrumental  Constants  and  Corrections  for  the  Reduc- 
tion of  Transit  Observations  made  at  the  U.S.  Naval  Observatory. 
Washington. 

Zones  of  Stars  Observeil  at  the  United  States  Xaval  Observatory 
with  tile  Meridian  Circle. 

Uranian  and  Neptunian  Systems  Investigated  with  the  26-inch 
Equatorial  of  the  Unite^l  States  Naval  Observatory.  By  Simon  New- 
comb.     Washington. 

Zones  of  Stars  Observed  at  the  United  States  Naval  01)servator}' 
with  the  Meridian  Transit  Instrument.     Washington. 

Zones  of  Stars  Observed  at  the  United  States  Naval  Observatory 
with  the  Mural  Circle.     Washington. 

From  Prof.  E.  S.  Holden,  Librarian  U.  S.  Naval  Observatory. 

Papers  relating  to  the  Foreign  Relations  of  the  United  States. 
Washington. 

Annual  Re})orts  upon  the  Commercial  Relations  of  the  United 
States  with  Foreign  Countries.  From  the  Secretary'  of  State. 

The  Secretary  read  a  memorial  of  Dr.  Hays,  prepared  by  Mr.  Fred- 
erick  Fraley,  chairman  of  the  committee  appointed  on  the   subject,. 
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which,  on    motion   <tf'    M r.  ( >rr.  w.v    orderfnl   t<)   In-    [uil)lisht'<l    in    th<* 

.JOUKNAI-. 

MKMOKIAL  OF  DK.   ISAA(     II  \VS. 

Bv  the  (icath  of  Dr.  Isaac  Havs  th<'  Franklin  Institute  ha.-^  lost 
one  of  its  original  ineinlK'rs,  who  for  nianv  vcars  <»f  its  cjirlv  historv 
and  labors  <M'cn|)i<'(l  a  prominent  official  position.  Horn  in  tin-  «'itv 
of  I*liila<l('lplii:i  of  most  n'sp('<'tal»l('  lim-at^c,  ('(hicatJMl  in  her  l««t 
whools  and  in  the  I  ni vcrsity  of  Penn.-ylvania,  he  \va-«  prcparf<l  hy 
these  advanta<res  to  dccnpy  prominent  j)ositions  and  to  participate 
in  ffTGM  pnl)lic  concerns.  1  lis  ciireer  was  one  of  ^reat  ns<-fnlncss,  and  his 
services  t<>  the  I nstitutc  were  of  ^rejit  value.  He  knew  its  founders 
and  ori«;inai  mcmhers  well — they  were  cndejintl  to  him  hv  tics  formetl 
in  youth,  wlii<li  were  stren<xthcne<l  hv  vcars  and  l»v  cnii<_rcnial  tastes 
and  lahoi-s.  In  the  pmfession  of  me<licine  he  soon  attained  liiirh  rank, 
and  his  rej)Utation  for  skill  was  of  universal  acceptan<e.  .\sa  member 
an<l  officer  of  the  Anicrican  IMiilosopliieal  SK-ictv,  of  the  .Vc;idemv  of 
Natund  Sciences,  and  other  iiistitutiojis,  he  was  consfantlv  euiriiir'"*!  in 
scientific  labors  and  in  tlic  jmrsuit  of  usefnl  ktiowlcdir*'.  .Vs  the  life- 
lonir  c<litor  of  the  olde>t  nnd  best  me<lical  serial  in  the  I'nitcd  Slates, 
he  was  the  means  of  ditfusin;;  m<)st  witU-ly  all  the  result.-  of  metlic:il 
experience  an<l  pnicticc,  and  he  thus  Ixtiune  nuHJically  known  throu<rh- 
out  the  world  as  an  able  and  distinLniishe<l  man.  For  manv  veai-s  he 
d(!Voted  himself  to  the  n-licf  of  the  blind,  and  of  th(»se  sufU'rinsx  from 
dis<'ases  of  the  eye  in  Wills  Ho>j»ital,  and  thes<-  -ervit-cs,  rcndere<l 
without  com|)ens;ition,  are  amon^  the  evidences  of  hi>  enlar<;e<l  philan- 
thropy. He  thus  fulfilled  all  the  (hities  of  a  man  and  a  citizen  with 
^reat  ability  and  faithfulnc.s«;,  and  finally  .s:iid<  to  his  rist,  after  reach- 
ing uj)wards  of  foiu'  score  years,  crowned  with  the  respect  and  honor> 
of  his  fellow-citi/ens.  While  we  mourn  his  loss  we  are  thankful  that 
he  was  s|)arcd  to  us  so  loni;  for  an  example,  and  we  pav  this  tribute  to 
his  memory  in  the  h(»pe  that  in  the  future  many  mav  Im-  induced  to 
emulate  his  worth,  and  in  their  <lay  and  txcncnition  to  be  a>  ti-etul  and 
worthy  as  lie  was. 

Mr.  Ileiiry  llentley  rca<l  tlic  |»a|»er  aruiouufitl  for  the  eveninir,  on 
"  Fh'ctro-chcmic:il  or  Loud-speakiuij  'rclej)hoiics,"  and  the  larire  audi- 
ence present  had  tin-  opportunity  of  hearing  the  instrument  for  the 
first  time  in  this  country,  and  noticin<r  the  wonderful  clearrt*'^"*  of  the 
speech  uttered  and  the  various  airs,  playi^l  at  a  distami-. 

.Vfter  a  discus>^ion  of  the  subject  by  Mr.  .\v>trom.  I>r.  Ko'j;ei-s  and 
Mr.  ( )rr,  Mr.  Kobcrts  movc<l  that  a  vote  of  thanks  he  tcndircd  to  Mr. 
Edison  and  to  Mr.  lientlcy  for  the  i^rcat  plcasun»  ^iven  by  them,  and  that 
the  Si'cretary  transmit  a  fopy,  which  was  nnaniniouslv  «-:irrie<l. 

Mr.  Georire    Buridiam.  dr..   ukkK'  s^une    ivniarks  on  a   new  (  astiuir 
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Cleaning  Brush  as  applied  to  the  Stow  Flexible  Shaft,  and  the  instru- 
ment was  .shown  in  oj^eration.  Mr.  Richards  and  Mr.  Eldridge  spoke 
^»n  the  suljject. 

Mr.  Kichards  exjilained  an  iniprovcinent  on  his  Measuring  Machines, 
<levised  by  Mr.  George  Richards,  and  which  adds  little  to  the  cost. 

The  Secretary  exhibited  one  of  Grossmann's  Micrometers,  the  out/- 
side  circle  graduated  in  hundredths  of  a  millimetre  and  the  inside  in 
thou.«andths  of  an  inch,  as  well  as  a  hirge  model  of  a  lever  escapement; 
inserted  teeth  for  circular  saws;  a  new  insulating  material  of  cork  and 
paper  jmlp;  a  new  Algerian  paj)er  .'stock  ;  an  oiler  for  a  loose  pulley 
as  u.sed  in  France;  a  si)ccimcii  of  a  square  hole  drilled  in  a  j)iece  of 
brass  witii  a  ti'iangular  rotating  drill  and  French  ]>rinted  matches  ma<le 
with  an  automatic  machine  from  a  round  block  of  wood. 

A  letter  from  Mr.  Xim  .\llcn  was  read,  describing  the  method  of 
drilling  holes  only  the  one-hundredth  of  an  inch  in  pieces  of  osmi- 
ridium,  as  devised  by  Mr.  Joliii  Holland,  of  Cincinnati,  for  the  Ma(!- 
kinnon  F»)untain  Pen. 

Sharpened  coj)per  shafts  of  the  required  diameter  ai'c  made  to  revolve 
at  the  rate  of  about  five  thousand  revolutions  a  minute.  The  parti- 
cles of  osmiridinm  nrv  soldered  to  a  l)rass  plate  and  the  holes  started 
with  a  diamond  drill.  These  holes  are  then  gradually  deepened  till 
cut  through,  by  touching  them  to  the  revolving  copper  shafts. 

Turkish  emeiy  and  oil  are  the  only  a.ssistants.  As  the  shafts  are 
tjuickly  dulled,  they  are  as  sjx'cdily  .sharjiened,  while  in  motion,  by  a 
touch  of  the  tile. 

The  Secretary  read  an  account  of  Harrington's  Screw  Hoisting 
Machines,  and  a  large  model  was  also  shoAvn,  also  the  Blacklock  Fan 
Attachment  for  Sewing  Machines. 

Mr.  Moore  exhibite<l  and  described  his  Sanitary  Closet,  and  the  sub- 
ject was  di.scu.^jsed  by  Mr.  Ware  and  Dr.  Rogers. 

Mr.  Lance  described  his  new  method  of  propelling  boats  by  air,  a 
small  model   being  shown.     Mr.  Jones  spoke  on  the  subject. 

Mr.  Jone<  announced  the  death  of  Mr.  William  Adamson,  and 
offered  the  following  resolution,  which  was  adopted: 

RcHoh-ed,  That  a  committee  be  ajipointed  by  the  President  tf>  pi-(v 
pare  a  memorial  of  our  late  fellow-member. 

On  motion,  the  meeting  adjourned  until  the  third  Wednesday  in 
Sej)teiid)er. 

Isaac  Norrls,  M.  D.,  tSeo'etary  pro  tern. 
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THE  COMPUTATION  OF   THE   MOMENT  OF    INKUTIA 
OF  A  GIRDER  BY  RECTANGULAR  UOMPONENTS. 

Ry  RoHKiJT  Ri:i(;(is  and  Li  i«.i  I>AiiaA, 

The  usual  nieth(Hl  of  conijiuting  the  moment  of  inertia  of  a  ginler 
aroiuul  its  neutral  axis  is  first  to  lay  off  the  section  into  re<-tangular 
surfaecs  whose  several  centres  of  gravity  are  suj)|kisc'<1  to  \k'  ep»ss<.-<l  Kv 
lines  iKirallel  to  the  axis  of  the  system  which  jKusses  through  the  omu- 
mon  centre  of  gravity.  An  axis  is  a.ssiune(l,  iuul  the  ilistanets  fn»m 
this  axis  to  centers  of  the  rectangular  comjx.nents  is  then  taken  : 
when  the  sum  of  th(>*e  distiuices  on  the  <»nc  side  of  the  axis,  inultiplitil 
into  the  surfaces,  will  l>e  comjwred  with  the  siun  of  the  distaiu-cs  on 
the  other  side  of  the  axis  luultiplitil  into  the  eurres|>ondin:r  surtait-s, 
and  by  trial  of  new  axis,  finally  these  two  sums  will  k'  ma<le  e»|ual, 
when  the  axis  thus  determinwj  will  be  the  true  neutral  :ixis  (.f  the 
system.  Then,  to  ohtain  the  moment  of  inertia  of  the  system,  the 
well-known  rule  of  priK-eilure  is  to  take  the  sinn  <»f  the  moments  of  the 
several  rectangular  comixmenti^  referretl  to  their  own  neutral  axi-s  l»v 
hy  the  formula.  /  =  ^  bh^  (where  /  =  moment  of  inertia,  h  = 
hriadth  and  h  =  height  of  the  Kvtion\  to  which  sinn  is  adde«l  the 
sum  of  the  s<juares  of  the  distanets,  <tf  the  several  eom|>onent  ax«>s 
Whoijb  No.  Vol.  CVIII.— Thikd  Series,  \\,].  luviii.)  0 
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from  the  general  axis  of  the  system,  multiplied  by  the  surfaces  respec- 
tively. 

For  a  girder  composed  of  a  small  number  of  components,  there  is 
to  be  found  in  most  text  books  some  formula  which  Avill  give  an  accu- 
rate result,  with  possibly  a  few  less  figures  than  is  required  for  the 
detailed  estimate  above  described  ;  but  the  application  of  these  formulae 
becomes  a  blind  following  to  any  who  are  not  fresh  in  the  exact  method 
by  which  these  formulse  were  deriv^ed,  and  generally  the  application  of 
such  formulsB  cannot  be  extended  to  beyond  three,  or  at  most  five, 
components. 

The  writer  of  this  note  was  engaged  in  laborious  computing  the 
jcommon  centre  of  gravity  and  moment  of  inertia  of  a  girder  after  the 
methods  described,  wlien  he  a.sked  the  assistance  of  Prof.  D'Auria  to 
test  his  calculations.  The  methods  followed  by  the  latter  were  found 
to  present  some  novelty  in  symmetric  arrangement  and  convenience  in 
application  in  general  for  any  number  of  components,  such  as  to  war- 
rant publication. 

The  positiim  of  centre  gravity  in  a  .surface  composed  of  a  system  of 
rectangular  components  is  given  as  follows : 

Fin  I 

BREADTHS  •'  H£ICHTS 


The  line   YY  is  taken  as  the  origin, 
,\b  =  respective  breadths, 
A=respective  lenghts  of  sides  of  each  section, 
y  =  distance  of  line  of  centre  of  gravity 

from  YY. 


:::£;;::; 


■^ 

::i^ 


y 


sum  of  moments  of  surfaces  from   YY 


area  of  surfaces 

6iA'(U'  +  0)  +  ^'2A"(M"  +  h))  +  63A'"  (i/j-  +  A"  -f  h") 


b,h'  +  b,h"  +  b,h"'  '  '  }^ 

The  moment  of  inertia  referred  to  the  line  of  centre  of  gravity  (y, 
3S  above  found)  can  thus  be  ascertained  as  follows : 


The  line  yy  is  taken  as  the  neutral  axis, 

*.•  b  =  respective  breadths, 

Ji  =  respective  distances  from  the  neutral  axis,     // 

J  =  moment  of  inertia, 

2^  =  general  value  for  h. 


Fig  2, 


■■&:. 


:::h2j. 
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h^  /»«  Aj  A, 

.-.  /=  />,    f  z'dz  +  />.    f  rJr    •    h,    C  rrh        ....  6.  f  r^/: 

A  /  A     *  A^ 

+   '''-1  f'^z'th  +  fj     C'rih  +  h     r'z'dz-^   ....  A    C'rdz    .. 
^0  '^A  "''^^,  "''^         '^ 

^ind  intopratin^  Ix^'twecn  limits 

/  =  i  [A,A\  +  A7r\  —  hVi\  -r  A,/,\  —  A,A\  ~   .  .  .    A.A\  -  A.A\_, 

+  6  A»    +  A    A»  —  A    A'  +  A    A'    -    .  .  .  A  A»    -  A    A'      -i,TTn 

/=i['^M^-*2)+A',(A,-A,)-f  AVA,-AJ-^  .  .  .A\_.(A._,-A„)-^AV^ 
^h^   (h  —  b  )  -^h'    (h  —h  )  A'   (A  — A  )  "     .... 

_l    ^_l  -2  '  -2    ^-2  -3  '      -3    Vs         _l 

A3  (^  _  /,     )    ^    /l3     6     ]  (IV) 

The  symmctri«il  form  of  these  eiiiuitions  allow  any  numlKT  of  vahies 
t<»  1m'  taken.      For  fonvt-niriKv  «>f  n't'crcnc*',  the  following  examples 
art-  »'.\hil>it«'<l  :      Foniiuhj'  for  j>o.<ition  of  neutral  axis  =  y. 
i'J  ."1  I^ty^  31'  4'" 

»•  [J  ic  '  ii-TT- .         ^^nj^..:* 


•  ^' 


'  A' 


*^'c^:;! 


•e 


Ut    u  =  V^'  (^^^'')  =  4A'      '^<1    .  =  V^'  (!/>')  ^  M"  (^A'  -f  A")  ,y. 
6,A'  ''         "  '  ^  bjx'  -r  A/'* 

3,1     „  _  A.A'  (^A')  +  A/"  (^A"  4-  A')  +  A3A"'  (|A»'  -h  A"  +  A")      ,,, 

6,A'  +  6^»  +  AjA'"  ^      ' 

AjA'(U')  +  A^."(iA"+A')+A,A"'(iA"'-t-A"-fA')^A.A"(iA"+A'" 

4t,,    y^  ^AVA')-fA,AMiA''^A*'-  A'"-^  A"--A') 


A,A'  ^-AJ»"-f  A^.'"  .  A,A"A,A' 
Formula  tor  moment  of  im-rtia  =  / 


N'Hi 


/L' 


i:€ 


y  y    I 


A'      y 


♦  D' 


^.  ,         I-  ;-^«  ..I  .  .    \  J>^  &f    C 


A./ 


a; 


*'*-^^-:,  •^-  6, 
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Ist.  Where  b,  =  b  and  h,  =  h  ;  1=^  [li\b,  +  P  6  ]=f(/i\6i) 

(VIII) 

(If  we  take  ^j  =  _  when  A  =  total  height  of  beam  then  from 

VIII,  /  =  f  ( -^61  =  ^^  /t*6i,  which  is  the  usual  formula  given  for 

the  moment  of  inertia  of  this  section.) 

2d.     /  i  {h\  (6.  -  62)  +  h\b,  +  ¥^  6^  ].  (IX) 

3d.  /  --=  i  [1i\  {b,  -  6,)  +  h\  h,  +  h\  {b^  -:&,)  +  A,  i  ].         (X> 

4th.  /=  i  ih\  {b,  -  5,)  +  A\  (5,-63)  +  A¥.  +  ^A  (4  -:^2 ) 

A  numerical  example  of  the  4th  proposition,  formulae  VII  and  XI, 
is  given  below. 


Substituting  these  values  in  equation  (VII)  i">=  y^ 


h"=/y4 -- 

4"=  a ^ 

(lOiXj)  X  (MI))  +  (UX4|)  x(H4J)  +  J)  +  (iX31)  x(H3i) 
+  ^^-l)  +  (UX3J)xa  (3i)+31+4|+|)  +  (8iXi) 

X(H^)  +  3|+31+4i+|) 

10iXi  +  liX4|  +  iX31  +  liX3i+8iXj 
_  5|Xi  +  5tX2f +  7f  X20i+-If  X37|+4^X39f 
^  5|  +  5t  +  7|+4t+4| 

^l-28+15-47  +  158-88  +  165-16  +  163-97^.|^.^c^^ 
^  27- 

A  tabular  method  of  computing  formula  (VII)  is  as  follows : 


bji'  =  lOi  X  l=bl 
bje'  =  IJ  X4J=5f 
63/1-  =  1  X  31=71 
6;i*^=  11X31=41 
b,h^  =    8i  X   J=4^ 

27 


ik 


=  lX<pbh=  1-28 
=2|  "  =  15-47 
=20^  "  =158-88 
U'^+;i'"+A»+A'  •  =371  "  =165-16 
i/i^+A''+A'"+A"+^^'=39f   "    =163-97 


'  504-76 


504-76  ^  27  =  18-695. 
Adopting  this  position  18-7  for  yy  we  have: 
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bz-l'/A-— 

6/-/4-_-. 

y— - 
4/  ■=*-— 


u 


hZ'IB-Z 

-y 


D 


Siihstituting  tlicse  values  in  w^uation  (XI) 
/=  J  [(13-7)^  X  (i— U)  +  (18-2)'  X  (U-lOt)  +  (18-7)'  X  lOJ 
H-  (17'3)»  X  (i-U)  +  (20-8)'  X  (H-8i)  +  (21'3)'  X  8^] 

/=  J  [(13-7)'  X  — 1  +  (18-2)'  X   — 9   +   (18-7)'  X  \0\  ^  (17-3i 

X  — 1  +  (20-8)'  X  —7  X  (21-3)  X  8^] 
/=  J  [2,571    X   — 1    +   6,029    X   — 9  +  6,539  X  10-25  -r-  5,17.S 

X  — 1  +  8,999  X  —7  X  9,664  X  8-25] 

/  =  J  [6,539  X  10-25  +  9-664  X  .8*25  -  (2,571  +  6,029  X  9  - 
8,178  +  8,999  X7)] 

/=  i  [67,025  +  79,728  —  (2,571  +  54,261  ^  5,178  +  62,993)] 
/  =  i  [146,753  —  125,003]  =  J  [21,750]  =  7,250 

111   the  actual   practice  of  inakinj:  up  the  computation  of  the  al>ove 
fornuila  the  following  nietliocl  w;ls  a(loj)te<.l : 

^  b  3d  ix)wer  of  A  X  by  ^  6 


^, 

-/.,=  i_  \l   = 

—  1  ; 

^  =  l:;-7 

2,071 

•2.571 

f^. 

-b'=\l—\0\  = 

—9 

/.,=  lS-2 

6-029 

54,261 

/>. 

=      = 

loi 

//3=l.s-7 

(J-539 

67-1  >20 

b 

-^=  \-  U  = 

— 1  ; 

h  =  17-3 
1 

5,178 

5,178 

If. 
b 

-3 

-/^=U-8i  = 

«i; 

h^  =  20-8 
^'=21-3 

8,999 
9,664 

62,993 

• 

7:»-72s 

1 25,(X>3 

146,753 

125,003 

3)  21.750 

7,250 

For  convenience   in   the   application  of  tlie  foregoing  formula^   tiie 

following  adilitional  ones  relating  to  the  strengtli  of  l)oanis  are  quoted. 

Let   W  =  the  loail  on  a  Ik^jiui  in  pounds,  /  =  its  length  in  inches. 
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f  =  the  strength  per  square  inch  (either  in  tension  or  compression)  of 
the  material  employed,  then  : 

For  a  beam  fixed  at  one  end  and  loaded  at  the  extreme  end  with  a. 
load  =  W 

Wl         I 


§)  Z^='-  (XII) 


I         ->  f       y 


For  a  beam  fixed  at  one  end  with  load  uniformly  distributed  on  its 
length  =  W,  when  w  I  =  W 

,'  ''"I    !  I     '     '     !     I    I     I   4  W    ■!.     __    I       .      Wji^    =    I  (XIII) 

^:::,vr      ^       —*        f       y  "  f       y 

For  a  beam  fixed  at  one  end  with  a  load  uniformly  distributed  oii 
its  length  =  lo,  and  an  additional  load  =  W  at  its  extreme  end 

¥m ^  ir?  +  «''^  _  I  (XIV) 

■wTr     I       ^  /         ii 

For  a  beam  supported  at  both  ends  with  a  single  load  =  W  in  the 
middle  of  its  length 


For  a  base  supported  at  both  ends  with  load  uniformly  distributed 
on  its  length  =  w,  when  w  I  =  W 


^ 


I  I   I   I  I  I    1  I   i   i  I  I   I   I  I   I   I  I 


I  K— -y-7 


W    8 


=  i     .'.^^—=:I       (XVI) 


y 


For  a  beam  supported  at  both  ends  with  a  load  uniformly  distrib- 
uted on  its  length  =  ^o,  and  an  additional  load  =  Win  its  middle 


m 


-^^  , ,  ,  , w  i  + 


W    8 


^  I     (XYII) 

^  /  y 

Other  conditions  must  be  computed  for,  but  most  cases  can  be  con- 
sidered, approximately  at  least,  by  the  above. 

A  suddenly  applied  load  must  be  considered  as  exerting  double  the 
force  of  a  permanent  pressure.     Tiie  affect  of  a  rolling  load,  like  that 
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of  a  raiKvav  train,  b<in{r  inNTiiKHliat*-  with  that  of  a  |KTinaiient  and  a 
sikMciiIv  applied  loud. 

The  dcHcrtioii  of  Ix-juiis  under  load-^  may  Ik.-  t-ornputnl  in  the  fol- 
lowing; ejises  when  x  =  derie.-ti.m  ;ind  E  =  di'Mlidii-  of  el;i«tieity  of 
the  niatorial. 

lirdms  of  unifoi-ni  cross  t<rcf ion. — Kor  a  l>«5iin»  lixiil  at  one  end  and 
loade<l  at  extrcnie  end  with  a  load  =    H' 


For  a  heatn  fixe<l  at  one  end,  nnitorndy  loaded 


11'/' 

=  h  7/7 


For  a  Ix'^ini  ^njiported  at  Woth  ends,  l<tade<l  in  middle 


=   :h 


II'  r 


1  -1  *»    EI 

F(»r  a  i)eani  snpport^nl  at  iMitii  ends,  uniformly  Ioade<l 
w  


(xviin 


(XIX) 


(XX 


iXXI) 


Otiier  fiusi'-s  of  deHe<tion  Ui-onie  t<Hi  eoniplic-:ite<l  to  Ik.*  pn-riente*!  in 
this  attempt  t<)  give  a  praetiwil  form  to  thcst*  eoinpwtations. 


Railway  in  Palestine. — A  Frt'nch  «-onipany  h:i>si'<un'<l  thepriv- 
iU'ge  of  (dustruetiu<;  a  niilroad  in  the  interior  of  Palestine.  It  may 
he  valnahle  for  str.itegie  purposes,  and  it  will  undouKtetily  deveK»p  the 
(•oininereial  resourcvs  of  the  eonntrv.  The  grejitt'st  i»b:?ta(lt*  to  the  intri>- 
tlnetion  of  faetories  and  workshojis  has  Ihx'Ii  tlio  want  of  fuel.  Kgypt, 
Syria  and  the  o^usts  of  the  Keil  St^>a  are  d<*stitute  of  w<mm1,  and  the 
importeil  coal  commands  from  loO  to  'J(M»  francs  ($."50  to  .S4(»)  a  ton. 
The  :usphalt  ot'  the  Dead  Scji  indic:it(s  prohalilc  suhtcrnuH-an  d«'|H»sits 
of  f<Ksiliznl  V(>i;(«tal)l«'  matter,  and  eviijcncc^  of  inexhaustihle  IkiIs  of 
liirnite  have  heen  foinid.  The  liirnite  and  asphalt  t".in  U-  easily  ctim- 
hined  in  hricpiettes,  at  a  c<»st  of  from  12  to  25  francs  ($2.40  to  $o.(K)) 
jur  ton. — Lrs   yfdiiihs.  C 
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ON  THE   CORROSIOX  OF   PLATE-IROX   FEED  WATER 
HEATERS  FOR  STEAM-BOILERS. 

A  Note  presented  by  Messrs.  Augnste  Scheurer-Kestner  and  Charles  Meunier-Dolfus 
to  the  "Industrial  Society  of  Mulhouse"  at  its  sitting  of  May,  1871. 


Translated  by  Chief  Engineer  Isherwood,  United  States  Navy. 

The  articles  published  in  the  Bulletins  of  the  Industrial  Society 
during  several  years,  and  particularly  the  report  made  in  1862  by  Mr. 
Burnat  of  experiments  with  different  boilers,  led  to  the  exten.sive  use 
of  feed  water  heaters  placed  in  the  brick  flue  through  which  the  gases 
of  combustion  proceed  from  the  boiler  to  the  chimney.  Unfortunately 
the  well-established  benefit  of  these  heaters,  as  regards  economy  of 
fuel,  is  diminished  in  certain  cases  by  their  very  rapid  destruction. 

We  propose  in  the  note  which  we  have  now  the  honor  of  presenting 
to  the  Industrial  Society  to  state  the  causes  of  this  rapid  destruction, 
and  the  experiments  we  have  made  for  removing  or,  at  least,  dimin- 
ishing them. 

The  heaters  are  subjected  to  causes  of  destruction  more  powerful 
than  those  which  attack  the  boiler  itself,  for  although  they  escape  the 
danger  resulting  from  the  contact  of  the  metallic  surface  with  the 
furnace  flame,  they  are  nevertheless  more  quickly  destroyed  than  are 
the  parts  of  the  boiler  the  most  exposed  to  the  fire.  Our  remarks 
apply  exclusively  to  plate-iron  heaters,  and  not  to  those  of  cast  iron 
which,  owing  to  the  nature  of  the  latter  metal,  better  resist  the  chem- 
ical action. 

The  object  of  employing  a  heater  is  to  reduce  the  temperature  of 
the  gases  of  combustion  to  the  lowest  limit  compatible  with  a  sufficient 
chimney-draft,  so  that  no  more  heat  may  escape  with  them  than  is 
indispensable  for  their  necessary  ascensional  velocity.  The  cooling  of 
these  gases,  however,  is  sometimes  thus  carried  below  the  point 
intended,*  when  it  acts  injuriously. 

1st.  By  the  too  great  diminution  of  the  draught. 

2d.  By  the  deterioration  of  the  metallic  surfaces  of  the  heater. 

We  have  nothing  special  to  add  to  what  is  already  well    known 

*  We  have  found  the  temperature  of  the  gases  of  combustion  when  leaving  the 
heater  to  be  sometimes  below  212°  Fahrenheit. 
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ro^rdin^  tin-  disadvantaj^os  of  an  in.sutfioient  dniuj;lit.  Wt-  will 
merely  remark  that  tiie  use  of  a  iieater  not  only  reduces  the  drauj;ht 
l»v  the  resulting;  lessened  temperature  of  the  prases  of  comhastion,  hut 
far  more  hy  the  several  right-anjxle<l  turns  it  (xiuscs  in  the  flue  ef)ntain- 
ing  it,  and  by  the  frieticju  of  thcftjc  gases  on  its  surfaees  and  on  those 
•of  tin.'  flue. 

The  deterioration  of  the  metallir  surfaces  of  hoilcrs  takes  place  on 
tlie  inside  and  on  tiie  outside,  hut  the  chemical  agents  which  act  on 
them  have  not  much  strength.  This  is  not  the  cas<',  however,  with 
the  heaters,  whi«h  are  exjMisisl  to  corrosion  interior  and  exterior,  with 
the  furtlier  danger  ol"  hcing  burnt  if,  through  bad  di-sign,  masses  of  air 
•or  vapor  colle<'t  in  them  at  different  {xtints,  as  often  ha|»iHns  at  the 
bt'uds  joining  the  j>ip('s  of  the  heater  or  conne<'ting  it  with  th«,'  l>oilcr. 
riif  communicjition  l>etween  tw<»  pi|M-s  of  a  heater  shoulil  U-  ><•  nuule 
that  the  semicircular  l)end  or  connecting  i)art  commences  at  the  highest 
point  of  the  lower  j)i|R'  and  en<ls  at  the  low(st  j>oint  of  the  up|M'r  piix'; 
in  the  same  manner,  the  connection  joining  the  hcaiter  to  the  Ixtiler 
•should  start  from  the  highest  |K)int  of  the  upper  pijK}  of  the  heater. 

InTKUIOK    C()RR(>^I()N. 

The  destruction  of  the  inm  ot'  the  interior  surface  of  a  heater  is  a 
])henomen(»n  of  oxidation  ;  thi-  iron  nistM.-  that  is  t«»  s;iy,  it  c-ombines 
witli  oxygen  and  is  transformed  into  oxide  of  iron.  This  oxygen  is 
not  ol»tained  from  the  tle<oinposition  of  the  water,  but  from  the  air 
which  the  water  holds  in  solution :  and  the  oxidation  is  so  singularly 
promottnl  bv  the  presi/nce  of  c:irbonic  a«"id  that  the  rapidity  of  the 
corrosion  has  been  fountl  to  dejH'nd  <»n  the  nature  and  ipiality  of  tiie 
•water. 

Wiien  a  heater  is  examinwl  after  several  months'  iLse  with  water 
math'  corrosive  by  th(>  presiMuv  of  carlMinic  acid,  the  interior  surfaix'  is 
found  covertnl  with  a  thick  e<»jit  of  «H'hrous  j>ow«ler  forming  muslmH)m- 
like  apjK'arances.  The  rivets  seem  to  be  more  attacker!  than  the  plate- 
iron,  and  their  heads  arc  sometimes  entirely  rusteil  (»tf  while  the  |»lat«^ 
iron  is  atltx-tiHl  to  the  depth  of  only  the  yiJ*^7j^  of  an  inch.  Thi.- 
ochrous  |M>wder  cttervesees  with  acids,  an<i  txintains  a  mixture  of  «ir- 
))onatc  and  of  oxich*  of  iron,  a  (composition  that  well  cttm-siMMids  to 
the  intnle  of  its  formation  as  descrilK'tl  al>ove. 

Why  is  not  this  corrosi»)n  ol>serve<l  or,  at  nuist,  to  only  a  verA'  small 
extent,  in  the  interior  oi'  tiie  Ixnier?     Ik'caus*.'  tliis  jwrticular  kind  of 
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attack  on  the  iron  is  not  made  at  liigli  temperatures,  and  results  from 
the  fact  that  the  dissolved  oxygen  alone  acts  while  the  water  is  simply 
its  vehicle.  The  feed  water  on  entering;  a  boiler  in  operation  is  imme- 
diately raised  to  a  temperature  at  M'hich  the  dissolved  oxygen  disen- 
gages and  ascends  into  the  steam  room,  where  it  is  harmless.  In  a 
heater,  on  the  contrary,  the  feed  water  is  so  slowly  raised  in  tempera- 
ture that  its  dissolved  oxygen  can  act  on  the  iron ;  the  water  in  its 
passage  through  the  heater  does  indeed  lose  this  oxygen,  but,  instead 
of  escaping  with  the  steam,  it  combines  with  the  iron,  which  it  trans- 
forms to  rust.  This  is  the  reason  why  those  parts  of  the  heater  that 
are  the  farthest  from  the  boiler  and  the  nearest  to  the  check-valve  are 
the  most  attacked,  and  why  the  parts  that  precede  them  are  less  and 
less  attacked  as  they  are  nearer  and  nearer  to  the  boiler. 

The  nature  and  quality  of  the  water  have  a  considerable  influence 
on  the  rapidity  of  these  phenomena  of  oxidation.  Calcareous  water 
which,  on  losing  its  carbonic  acid,  precipitates  its  carbonate  of  lime,  is 
accompanied  by  a  slower  oxidation ;  the  calcareous  salts,  by  settling  on 
the  metal,  cover  it  with  a  protecting  coat  that  shields  it  from  an 
interior  attack;  thus,  the  earthy  matters  which  are  so  injurious  to  the 
boiler  are  the  preservation  of  the  heater,  while  the  non-calcareous 
water  that  spares  the  boiler  destroys  the  heater  by  oxidation.  The 
water  from  the  hot- well  of  engines,  when  not  earthy,  forms  the  best 
feed  for  the  preservation  of  boilers,  because  it  has  been  deprived  by  its 
elevated  temperature  of  a  portion  of  its  dissolved  carbonic  acid  and 
oxygen ;  but  if  it  be  calcareous  or  magnesian,  the  fatty  matter  derived 
from  the  lubrication  of  the  cylinders,  by  mingling  with  those  salts,. 
often  causes  fatty-earth  precipitates  upon  the  metallic  surfaces  of  the 
boiler,  and  exposes  them  to  being  burnt  if  the  temperature  is  suffi- 
ciently high  at  such  places. 

The  following  experiments,  which  we  made  with  three  kinds  of 
water,  show  strikingly  their  mode  of  action  upon  iron.  Three  flasks, 
containing  610  cubic  inches  each,  were  filled  with  three  kinds  of  water 
to  be  tried. 

The  first  contained  water  from  the  granite  rocks  of  the  valley  of 
Saint  Amarin,  free  of  calcareous  salts  but  well  aerated. 

The  second  contained  calcareous  water  from  Jurassic  earth,  equally 
well  aerated  and  containing  carbonic  acid. 

The  third  contained  distilled  water,  recently  boiled  to  expel  all  the 
oxygen. 
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The  rtiwk.s  having  Im-*-!!  Hllc*!  to  tin-  nc^-k,  :m«l  tli<'  ii-iial  jinf-antioiLs 
ill  siK'li  (•iu<4's  liaviM)^  'x"*'!!  taken  for  preventinj;  the  coiiUirt  of"  air  witli 
the  water  in  tlie  thini  Ha>-k,  they  wen-  ehtHnl  hy  e*»rk  stopinp.  hj  a-  to 
leave  n<»  .spaiv  lH't\v<tn  th<'  water  aixl  the  sto|»jKTs.  Thronj;h  the  <vntre 
uf  the  «irk  sto|)|K.'r  a  cU'jim  and  |M»li«4lie«l  iron  win-  w;u*  t'ont?<l  until  it 
ton*  ImhI  the  Ixittoni  of  th<'  ti:L>k.  'I'he  sto|>|Mrs  Immiij;  now  H-:ihtl,  th«- 
thnc  lla>ks  wen*  left  for  Hvcml  wetks,  an<l  the  foll«»winj;  an-  tht- 
ol>HorvationH  niu<le  : 

Fla'ik  No.  1  (wati'r  not  (•:ile:ireous)  xJiowmI  the  eotninenc«:njent  of 
oxidation.  S»nie  yeliowi.'^h  strijw  or  striie  S4M)n  fornie<l  rid^e>  on  the 
i>ottoin  of  the  flaxk  hy  running  down  from  the  wire,  whieh  litth*  hy 
little  iHM-anie  e<»ven'<l  with  ni.xt  n^M.'nihlinjj  nuishroonj.x  in  a|>|>e:»ran<v. 
When  all  the  oxygen  of  the  watiT  wax  <-onsunu'd  tlie  phenoinrna  of 
oxidation  eea.«^'<l  ;  and  tin*  wire  withdniwn  iVoni  the  tiit-k,  el«in«*<l  and 
r«'|»larcd,  renuiiniil  hri^ht  a>*  if  it  wa*;  varnisluil. 

Fla^k  No.  2  (water  ••;ilfar<'<nis)  showi^l  thesjinu*  phenoim-na  ot"  oxid- 
ation, hut  thev  a|>p«'are<l  nuK'h  inorr  slowlv,  and  thr  yrijowi-ih  -tria* 
were  inixe<l  with  the  whit«'  striie  (»f  the  itn-tiiMtat^Hl  «":d»':in'on»  silt.-. 
At  tin*  end  of  soin*'  tinn',  the  wire  havini:  U**'!!  withdniwn,  eK-:in«'«l 
anil  replaivtl,  wa«^  ajrain  mver*"*!  with  a  fre.-.i»  euat  of  o«hn.'.  The  i-al- 
esireous  .stdt><,  hy  their  deposition  iijM»n  the  nietiil,  ha«l  opjxifje*!  anil 
ntardtil  it.s  oxidation. 

rijf^k  No.  3  (di.><tille<l  water  fni'  of  air)  showixl  no  phmoniena  of 
oxidation.     The  wire  ri'niainiil  l)ri^;ht  in  it. 

rin'se  ex|>erinionLs  require  no  ooiument;iry,  and  they  ^ive  an  exjul 
id«a  of  what  tK-^-urs  insitlc  .>f  he:iters. 

E.XTKUloIt    CoRR<l6ION. 

The  ^a.'^'s  of  (•oinl)n>tion  di'stmy  the  in»n  of  the  exterior  >nrla<"»'  ot" 
heatei>.  These  pWM.'s  contain  the  vaj>or  of  water  and  the  va|x»ni  of  ijic 
eoni|)ound  aeids,  of  whieh  tlie  sul|ihnrous  and  .<utphnric  form  the  prin- 
cipal |>ortion.*  As  lon^  it-*  tiiere  is  no  ixuuleiLsation  on  the  metal  lie 
snrfaiv  the  acids  are  harndi^<s,  exixTietK-e  haVintr  shown  that  hot  acids, 
even  in  the  pix-s^'mv  of  aipiiims  va|K»r,  have  hut  little  or  no  ;ution  on 

*  TIh>  giwcoiw  produotit  of  the  tx>ml»iwtiiin  of  coal  i>i>atain  a  c»>i»-'  '      '  ' 
:ii|iu><>us  vujwir.     (.\k\\  itint.iinin^  fnmt  lour  to  tivo  |ht  ixiilum  >  • 
l>v  its  coiulniNtidn  J"r>iin  lliirtv->ix  i<i   fnrty-tlvv  (x-r  ivntiiiu  of  it-  »«.i^iit 
vii|>«>r,  wliitli  is  oirriiil  aKunr  with  thv  smoke.     The  hyifn»iiu*Jrio  w»Ut  >■: 
;i1mi  jkUIs  to  this  Vii|H'r. 
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iron  raised  to  a  certain  temperature.  This  Ls  also  the  reason  why  these 
gases  and  acid  vapors  have  so  little  eifect  upon  the  shell  of  the  boiler. 
The  2:)ipes  of  the  heater  nearest  the  boiler  suffer  a  little  more,  but 
the  cold  ones  farthest  removed  are  quickly  attacked.  The  latter  become 
covered  with  drops  of  the  Mater  of  condensation  in  %vhich  the  sulphur- 
ous acid  dissolving  in  the  presence  of  iron  changes  to  sulphuric  acid 
that  attacks  tlie  metal. 

When  a  heater  is  examined  which  has  been  in  use  during  several 
months,  yellow  crusts,  composed  of  very  basic  sulphate  of  iron  and 
oxide  of  iron,  are  found  upon  its  outside  surface.  The  attack  on  the 
exterior  surface  takes  place  especially  at  the  angles  and  edges  of  the 
plate-iron  where  water  can  lodge. 

As  the  interior  corrosion  wa.s  greatly  influenced  by  the  quality  of 
the  water,  so  the  rapidity  of  the  exterior  corrosion  depends  on  the 
quality  of  the  coal.  Coal  containing  large  quantities  of  sulphur  causes 
a  very  prompt  destruction  of  the  outside  surface  of  the  heater ;  while, 
on  the  contrary,  coal  free  of  sulphur  leaves  it  nearly  intact.  Although 
coal  contains  generally  but  little  sulphur,  yet  the  influence  of  the 
resulting  sulphurous  acid  in  its  gases  of  combustion  has  been  remarked 
under  other  circumstances.  One  of  our  colleagues,  Mr.  Bruckner,  two 
years  ago  called  attention  to  the  formation  of  sulphate  of  alumina  on 
the  tiles  of  our  manufactories,  the  sulphur  element  of  which  could 
have  been  furnished  only  by  the  gases  of  combustion  escaping  from 
their  chimneys. 

The  condensation  on  the  other  metallic  surfaces  of  the  heater,  and 
consequently  their  corrosion,  depends  much  less  on  the  temperature  of 
the  gases  of  combustion  in  contact  with  them  than  on  that  of  the 
water  in  contact  with  the  inner  surfaces;  and  although  in  practice 
there  is  a  nearly  constant  proportion  between  these  temperatures,  yet 
the  condensation  is  almost  always  accompanied  by  a  considerable  cool- 
ing of  the  gases  ;  nevertheless,  the  condensation  of  the  aqueous  vapor 
can  take  place  even  in  the  mass  of  hot  gases  by  reason  of  the  heat- 
conductibility  of  the  iron.  If  a  heater  contains  cold  water,  its  exterior 
surface,  though  immersed  in  a  very  hot  atmosphere,  will  have  a  tem- 
perature differing  but  very  little  from  that  of  the  water ;  consequently, 
condensation  always  takes  place  on  the  surface  enclosing  the  water. 
Some  years  since  Mr.  Henri  St.  Clair  Deville  made  an  experiment  that 
throws  light  on  the  action  of  a  metallic  surface  placed  between  a  cold 
liquid  and  a  hot  gas.     Having  coated  the  exterior  of  a  platinum  tube 
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witli  tli«'  tiiictiin-  of  turnsol,  In*  pasn.-*!  :i  nij>i«l  stniiin  «»f  wati-r  through 
it  ami  jtlungHl  it  in  the  nii<lf*t  of  a  pw  hwitcnl  to  the  teiuinTatun'  of 
Ithiisli-Ril  ;  the  tinctun*  of  tunisol,  whi<h  (lec-onijH**cj<  at  the  tein|»eni- 
tiire  i*i'  '.\\)'l  (h-gn-es  Fuhr.,  renuiiii«-<l  intact. 

It  thiLs  a|i|M-ars  tliat  the  corroHion  of  the  exteri<»r  surfaees  of  heaters 
is  princiimlly  iiuluee<l  by  the  low  tein|>erature  (»f  the  water  within 
them,  ami  its  the  Kunc  conclusion  ajiplies  to  the  corrosion  of  the  interior 
«urfa<i's,  we  have-  an  explanation  why  the  luiiter  is  attacke<l  s<>  much 
tiion-  proinptlv  than  the  Ixiiler. 

We  will  now  cit4'  some  ca'^'s  which  have  fallen  luuler  our  ol>-<Tva- 
tion,  in  onler  to  give  an  idea  of  the  extent  <»f  the  injury  that  <-:in  U' 
l»r«Kluce(l,  and  will  then  relate  the  ex|K'riment4*  we  have  nuule  for  tiic 
purposi'  <»f  tinding  a  n-nu'tly. 

The  factorv  oiMr.  Kestner,  at  Thann,  contained  six  hwiter-,*  having 
three  ri'turns  of  the  current  «»f  the  g-.tscM  of  comhtistion  which  Howetl 
in  an  <.p|M)site  dire<'tion  to  that  «»f  the  water  in  tlie  hwiters  ;  the  fe«l- 
watcr  was  constantlv  c-old,  ami  the  temjM>rature  of  the  ga.'<es  of  ci»m- 
l»ustion  on  emerging  from  the  lu-.iteiv  varicil  from  104  to  .'52n  degrees 
Kahr.  This  apparatus  Wiw  ereeted  in  iK-i-emU'r,  lHG<J,and  wjis  workeil 
davand  night.  In  Fehruary,  1X»I9,  th«-  two  lower  |)ipcs  of  the  h«':itcrs 
retjuiritl  rep;iirs.  They  were  greatly  i'«»rnKleil  on  tlie  inside  and  out- 
side, while,  in  certain  \m\vU,  particularly  at  the  joints,  tlie  metnl  hail 
lost  ()-(M>H  of  an  inch  of  its  original  thickness.  The  upjKr  pi|>e>  were 
l>ut  little  artit't^.'*!.  In  the  lowest  pij»e  the  water  had  a  nu'im  tenj|H'ni- 
ture  <»f  oO  dcgrit-s  Fahr.,  antl  in  the  next  lowt'st  of  8<i  ilegrees.  The 
thirtl  pijx'  alx>ve  the  l(»west  contnine*!  water  at  104  tlegrees  Faiir.  and 
W21S  much  less  attacked!.  The  fourth,  with  water  at  Vl'l  degnis  was 
s<':ir«vlv  alUntetl.  It  is  remarkalile  to  tind  theory  omtirmixl  in  this 
manner  on  such  a  |)oint,  for  it  is  known  that  water  between  the  tem- 
jH-ratuns  of  101  ami  I'll  dcgixt-s  Fahr.  Iok-s  the  oxygen  hel«l  in 
solution. 

The  exterior  corrosion  follo>\-s  the  same  gnulation  :ujd  apin-ars  mu<'h 
diminished  in  a  hwiter  I'ontaining  water  at  104  degn-es  Fahr. 

liy  feeiUng  boilers,  theri'fore,  witli  water  previi»iL-ly  heati"*!  to  S«} 

*Thi»»o  six  iicators  wt-rv  ammvtetl  to  two  Uiiloni.  During  a  ixTt.iin  time  onlv  ono 
of  tlio  UmUts  iK-iiig  in  iuk»  M\y\  all  the  hoatcrn  U'ing  uv«l  with  it,  then*  w**  .i  very 
mpiil  dt?»tniction  of  the  interior  ami  exterior  surfat'cw  of  the  heaters,  no(witi>«tAn<iinK 
the  small  (Mnsuinption  of  oxil.  which  wn.*  only  19S4  jiiMin<l«  of  K<^>nrhunp  per  d«r 
and  13-2  (xhuxIs  |ier  niKJit. 
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degrees  Fahr.,  as  is  the  case  with  that  which  conies  from  the  hot-well 
of  steam  engines,  the  chances  of  the  destruction  by  corrosion  of  the 
interior  and  exterior  surfaces  of  heaters  are  considerably  diminished. 

The  number  of  pipes  composing  heaters  increases  their  chances  of 
corrosion.  We  have  seen  that  cold  water  fed  to  boilers  remains  harm- 
less, because  being  immediately  heated  by  mixture  with  great  quanti- 
ties of  water  at  a  high  temperature,  its  dissolved  oxygen  is  disengaged 
and  pa.sses  off  with  the  steam.  Now  if  a  heater,  instead  of  being 
formed  of  six  pipes,  in  which  a  mixing  of  the  hot  and  cold  waters  is 
not  possible,  was  formed  of  only  one  or  two  pipes,  a  mixing  could 
evidently  take  place  in  it,  and  a  great  part  of  the  oxygen,  if  not  the 
Avhole,  would  be  disengaged  in  the  gaseous  state.  But  in  this  case, 
care  must  be  taken  to  provide  the  pipes  with  such  outlets  as  would 
prevent  the  collection  of  gaseous  matter  in  their  upper  parts  whicli 
would  expose  the  metal  to  burning  by  the  hot  ga.ses  of  combustion. 

Two  heaters  erected  in  the  factory  of  Mr.  Kestner  in  1862,  and  con- 
nected with  two  boilers,  have  been  in  use  day  and  night  during  six 
vears  without  repairs.  Although  the  water  in  the  lower  pipe  was  at 
104  degrees  Fahr.,  yet,  at  the  end  of  this  time,  the  interior  and  exte- 
rior corrosions  were  so  deep  that  it  had  to  be  renewed.  In  these 
two  heaters,  whose  duration  was  double  that  of  the  one  previously 
described,  the  cold  water  was  always  mixed  with  a  large  quantity  of 
water  at  104  degrees  Fahr.,  from  which  resulted  a  diminution  of  the 
destructive  action  of  the  water,  and  also  of  the  condensation  on  the 
exterior  surfaces. 

Similar  facts  have  been  observed  during  several  years  in  other  facto- 
ries. "  The  Alsatian  Association  of  the  owners  of  steam  boilers  "  have 
renewed  twenty  heaters  in  a  single  year.  The  age  of  these  apparatus 
varied  from  five  to  eight  years  of  day  service. 

AVe  have  attempted  the  protection  of  the  interior  metallic  surfaces 
of  the  two  lower  jiipes  of  heaters  by  the  application  of  paint  or  tar. 
This  diminished  the  corrosion  which  may  possibly  be  prevented  by 
con.stant  renewal  of  the  coating. 

"With  the  view  of  protecting  the  heaters  against  exterior  corrosion, 
we  have  tried  the  application  of  paint  to  the  outside  of  the  lower  tubes, 
but  it  did  not  resist  the  acid  condensation  nor  the  heat  of  the  gases. 
We  succeeded  better  by  tinning  part  of  one  of  the  lower  tubes.  After 
remaining  six  months  in  the  flue,  the  tinned  part  of  this  tube,  in  which 
the  temperature  of  the  water  was  never  higher  than  86  degrees  Fahr., 
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wa.'s  found  pcrfcctiv  pn-scrvc*!.  '\\\v  tciniMTatiirc  of  tin-  ^ses  of  eoin- 
hiistion,  wIkii  (MiuTjjiiiji;  from  this  heater,  never  exeeedwl  30*2  degrees 
I-\ihr. 

Fiiiallv,  <'oii>iderin};  thf  ;fr<:it  di>adv:intaL''<->  of  l»Iat<-  iron  \vh»n  it.s 
opposite  surfaces  are  o.\  I  (OH'd  to  thf  artion  ot"  cold  watt-r  and  an  aiid 
atinosjihere,  we  exj)erin»ento<l  with  copiM-r,  Another  part  of  the  In-ater 
wjis  eneir<-h'd  hy  a  hand  of  cojtprT  UM)U8  inch  thick,  (•h»s<'ly  api)li«-<l 
with  its  e<lges  l)olte<l  tofrethcr.  After  si. \  months  it  was  found  pien-til 
hv  corrosion  with  innuincrahle  lioles  and  tran.«iforme<l  in  great  i)art  into 
hasic  sulphate  of  co|>per.  lender  these  conditions,  the  «'opjHT  did  not 
ifsist  the  action  of  the  sidj)hnrons  Konchamp  coal. 

From  the  prwi-ding  facts  appear  that  the  renu-dy  for  tlie  evils  result- 
ing from  too  cold  a  feed-water  or  from  too  great  a  cooling  of  the  smoke, 
is  tiie  painting  of  tiie  interior  surfaces  of  the  lower  pijx-s  *  of  the 
heater  and  the  tinning  of  their  exterior  surfaces. 

In  tlie  manufacture  of  new  heat<'rs,  designs  should  l>e  adopte<l  wliich 
admit  the  u.se  of  (tjust  iron  instead  of  })late  iron,  a.s  tust  iron  Intter 
resists  the  action  of  gitseous  acids.  We  liave  ohserveil  tliose  e:ust  iron 
hends  of  the  heaters  which  are  n«)t  coveretl  by  the  nuisonr}',  and  are 
therefore  expose«l  to  the  gitseous  current,  are  va.stly  less  attacke<l  than 
the  plat*'  iron.  Tlie  difference  is  due  to  two  causes  :  first,  the  natuiv 
of  the  metal  it.self;  .second,  its  greater  thickness,  which  hy  keeping  tlie 
exterior  siu*fae<.!  at  a  higher  temp«'raturo  render  the  t-outlensjition  less 
copious.  A  long  experience  confirms  this  «)pinion,  for  c:ust  iron  lu-.iters 
ertH'te<l  many  years  ago  in  Alsace  have  resiste<l  the  influences  we  have 
<le.s<*rilMHl. 

lie  that  as  it  may,  the  advantage  of  even  plat<'  iron  heaters  of  large 
4liameter  of  pij)e,  ius  ngards  economy  of  fuel,  is  nuich  greater  than  the 
cost  of  making  and  repairing  them,  in  pnK>f  of  whi<h  we  neetl  only 
<-ite  the  hoilers  mentiontnl  ahove,  the  heaters  of  which  wen-  in  the  mi«>t 
ravoral>le  condition  for  destructi<»n,  ami  in  the  le:i.st  fa\oi-.il»le  condition 
for  economic  effect  hy  re:i.son  of  a  very  small  daily  ("onsumption  of 
coal. 

The  consumi)tion  of  coal  having  lu-en  «>47  t^uis  \m>t  year  (mean  of 
three   veal's),  and   the   ei'onomy   pnHluceil    hy   the   hexiters  eight    jxr 

*  We  are  here  sj>eaking  of  only  plate  iron  |)ii)cs  of  I.irge  diameter,  in  which  the 
ciri'ulation  of  tin*  wator  is  mftli<><.iii-al. 
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centum,*  we  find  their  annual  saving  to  be  52  tons  of  coal,  or  about 
$208,  at  $4  per  ton ;  the  price  of  three  heaters  for  a  boiler  being  about 
$600,  the  heaters  pay  for  themselves  in  three  years  at  most.  The  daily 
consumption  of  coal  being  generally  much  greater  than  the  above,  the 
saving  effected  by  the  heaters  will  be  correspondingly  greater,  and  the 
cost  of  their  additional  heating  surface  is  rapidly  recovered  by  their 
economy  of  coal. 

ON    THE    HISTORY   OF   ALIZARIN   AND   ALLIED 
COLORING    MATTERS. 


Read  before  the  Chemical  Section  of  the  Society  of  Arts,  May  22d,  1879, 

By  W.  H.  Perkin,  F.R.S. 


It  will  be  interesting  to  inquire  into  the  commercial  results  of  this 
industry,  and,  firstly,  what  has  been  its  influence  upon  the  sale  of  mad- 
der and  its  derivatives.  The  annual  value  of  the  imports  into  the 
United  Kingdom  of  madder  and  garancine,  from  1859  to  1868, 
amounted  to  about  £1,000,000,  with  prices  averaging  for  madder  45s. 
to  50s.  per  cwt.,  and  for  garancine,  150s.  In  the  subjoined  table  will 
be  seen  the  remarkable  changes  that  have  taken  place  in  the  imports, 
and  also  the  great  reduction  in  price : 

Average  Anniud  Imports  of  Madder  and  Garancine  into  the    United 

Kingdom  and  prices. 

French  Turkey 

Year.  Madder.         Garancine.  Madder.  roots.        Garancine. 

cwts.  cwts 

nil]         305,840    45,560      45s.     50s.     150s. 

1875  100,280    25,860      —      —      — 

1876  59,137    15,396  ] 

or    y        —    -    — 

6,136J 

1877  38,711     8,875      _      _      _ 

1878  32,990    2,790      18s.  .    17s.     65s. 

*The  economy  of  these  heaters  has  been  determined  not  only  by  observation  of  the 
elevation  of  temperature  they  produce  in  tlie  feed-water,  but  also  by  comparative 
experiments  on  boilers  functioning  with  and  without  tJiem  during  periods  of  several 
weeks. 
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U\>  to  and  during  iHld  fonsidonible  ()ii;iiititi«->  of  artiH<ial  ali/arin 
wore  iiii|H)rt<'<l  from  the  ( 'oritiiKiit  an<l  eiitiritl  at  tin-  C'li.-loiu- a.*^ 
^aniiiciiu'  or  injwldcr,  wlii<*li,  liaviii^  lui-ii  .l)roiij;lit  to  the  noti(x*  of  the 
ofticialn,  the  returns  nuwle  sul)f*e<jiu'ntly  are  more  reliable.  The 
imports  of  garancine  were  retunie<l  l>y  the  lioiinl  of  Tra<le  in  187<J  a> 
I  o, '>!>(>  cwtri.  when  first  puldisliefl,  hut  in  the  following  yesir,  when  the 
figures  for  1H76  were  given  for  comparison  with  th<«se  of  1?<77  and 
1M7.S,  the  returns  were  state<l  ;l<  only  G,4.W  ewt*;.  The  errt>neous 
entrits  were  most  prohahly  made  to  eviule  the  jHiiahii^  f<»r  the 
infringement  ol"  patent  rights. 

Duteh  groiUHl  ma<lder  has  been  relatively  much  higher  in  price  than 
tiie  other  «pialities.  This  is  owing  to  its  extensive  use  in  w<n.1  dytirig. 
For  varioiLs  re:isons  artificial  ali/xirin  h:is  made  but  little  progrerv-  in 
its  application  to  wool  dyeing,  and  Dutch  nuuider  U-ing  nujHtly  iise<l 
for  this  |)urjH>se,  its  prices  have  l)een  maintninetl  at  fn»m  28s.  for  onli- 
uary  "Ombro"  to  alwuit  4(>s.  to  45s,  for  crop  madder.  The  w«mi|  dyers 
have,  however,  l>een  working  (-lutiously  with  artifi<ial  ali/arin,  and  now 
some  of  them  arc  using  it  somewhat  largely,  and  considering  it-*  ch«-:ij>- 
tu-ss  Its  compare*!  with  Dutch  madder,  no  doubt  they  will  "^miu  find 
how  to  us<'  it  succi'S'ifu  1  ly  and  c«':bi«'   to  emplov  madder. 

The  dei'Iine  in  the  .sale  of  macMer  is  still  rapidly  p»ing  on.  During 
the  first  two  months  of  l:L«^t  the  yt-ar  the  imjHiri>  were 

Madder,         ....     G,S  IG  cwts. 
(iarancine,  .  .  o3.i     '* 

During  the  finst  two  months  of  this  year  tliey  were 

Miulder,         ....      2,185  ents. 
(Jarancinc,  .  .  .  175     '* 

or  al><»ut  two-thinls  h^s.  And  not  only  s<^>,  but  the  j>rice  is  still  declin- 
ing. Turkey  nKjts  may  now  Ix'  l>ought  at  11. «5.  jxr  r\yt.,  whore:u«»  before 
artificial  aliz-irin  w.ls  intr(Klu<i><l  they  were  sold,  on  an  average,  at  0<>s. 
.\t  the  prt's<'nt  prices  (»f  mailder,  its  cultivation  is  unninunerative,  ami 
will,  undoubtnlly,  Ik^  soon  a  thing  of  the  p;ist.  Such  h;L<  lurn  the 
success  of  artificial  ali/^irin  in  c<»mpoting  with  madder  and  irir.incine 
in  this  o)imtrv,  and  it  is  c»jually  true  of  other  i"«>untries.  The  tpian- 
tity  of  madder  grown  in  all  the  nuuhler-growing  countri*^^  of  the 
world  prior  to  18G8  is  tstimate<l  at  al)out  70,(KK)  tons  jht  annum, 
riic  amount  of  artificial  ali7.:irin  now  ppHluce*!  is  e<|ual  in  tlyeing 
|>ower  to  consiilcrably  more  than  this;  in  t";u't,  the  l<«wt-^t  •-^timate  I 
Whole  No.  Vol.  CVIII.— (Third  SKxiiy,  Vol.  IxxTiii.)  7 
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have  been  able  to  get  for  1878,  and  which  was  confirmed  from  other 
sources,  is  9,500  tons,  which  is  equivalent  to  950,000  tons  of  madder. 
This  remarkable  result  has  been  arrived  at  in  ten  years  only. 

To  produce  this  quantity  of  artificial  alizarin,  there  are  about  nine 
manufacturers  on  the  Continent  and  one  in  this  country,  Messrs.  Burt, 
Bolton  &  Haywood,  who  have  two  large  works  for  its  production,  viz., 
the  original  works  at  Greenford  Green,  and  new  ones  at  Silvertown. 

Graebe  and  Liebermann,  in  their  paper  in  the  Moniteur  Scientijiqiie, 
April,  1879,  p  416,  give  some  statistics  of  the  production  of  artificial 
alizarin  which,  however,  require  correcting.  They  also  leave  out  the 
years  1869  and  1870.  In  1869  we  had  advanced  in  the  manufacture 
so  fas  as  to  send  color  into  the  market,  the  first  invoice  being  dated 
October  4th,  and  that  year  we  produced  about  one  ton.  In  1870  we 
produced  40  tons;  in  1871,  220  tons;  in  1872,  300  tons,  and  in  1873 
435  tons.  Up  to  the  end  of  1870  we  were  practically  the  only  makers 
of  this  product.  One  of  the  largest  chemical  and  coal  tar  color  man- 
ufacturing firms  of  Germany,  with  whom  we  were  in  correspondence, 
stating  that  in  November,  1870,  they  had  only  lately  commenced  pro- 
ducing 50  lbs.  of  alizarin,  10  per  cent,  quality,  per  day,  and  that  no 
one  else  in  that  country  was  supplying  artificial  alizarin,  and  in  1871 
we  were  practically  the  only  producers  of  quantity,  at  any  rate  during 
the  first  part  of  the  year,  for  in  March,  1871,  the  firm  already  referred 
to,  and  who  had  great  opportunities  of  knowing  what  was  being  done 
in  their  country,  wrote  that  they  had  not  received  knowledge  of  any 
establishment  but  their  own  manufacturing  artificial  alizarin. 

In  November,  1871,  however,  Messrs.  Gessert  Fr^res  announced  to 
the  Industrial  Society  of  Mulhouse  that  they  had  produced  30,792 
kilogrammes  of  alizarin  in  paste.  This  is  equal  to  about  30  tons,  an 
amount  which  was  evidently  considered  by  them  a  very  large  quantity. 

Graebe  and  Liebermanu's  statistics  are  as  follows  compared  with 
our  production : 


1869, 
1870, 
1871, 
1872, 
1873, 


Graebe  and 

Perk  in  &  Sons' 

Liebermann. 

Production. 

Tons. 

Tons, 

1 

40 

125-150 

220 

400-500 

300 

900-1,000 

435 
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WithfMit  wishing  to  drtnwt  from  Ciraflx-  arul  LiclxTmannV  original 
di.scoven',  we  may  say  that  tlu*  hirtliphu-e  «)t*  tlio  mamifai-tun'  of  artiH<'ial 
nli/.:iriii  was  in  Knj^'Iaiul.  It  wa.-^  in  this  ("oiintrv  that  the  «lifliriilti«'s  atxl 
d<niht^  alndit  th<-  nianiifiuturi'  and  supply  of  th»'  raw  niatt-rial,  anthni- 
cene,  were  hoIvcmI,  and  thr  prcMluction  of  artiticial  aliziiriii  l»y  n<-w  pro- 
••(•SM-M  snci-cssfullv  acroinplishc^l.  AfttT  thcso  n-siiltj^  w^-rt*  i>hi;iin<i|  in 
in  this  foiintrv,  Continrntal  ch«'mi.-ts  wj-n*  fiictMira^Hl  to  mannfaiiiin' 
on  a  comiMirativfly  laiyc  n«ile,  but  uj)  to  the  eml  of  IHT.'J  tht*  English 
niainifa<'tiircrs  hail  pnu'ticsillv  no  c<»m|M'tition  in  th«'  homt*  markrt. 
Having  consiihnHl  tiic  amount  of  artifi«ial  ali/^arin  now  maiuifa(turc<l, 
it  will  Ik'  of  intenwt  to  wt  what  it^  money  vahic  is. 

'Faking  th<*  h)we«t  ewtimate,  viz.,  9,5<H)  tons,  and  cnh'uhitin^  ili<  sell- 
ing; jjricts  at  (.'!.')()  per  ton,  the  annual  value  amounts  t«t  no  hrss  than 
Xl,12'>,(MHl,  or  neariv  a  million  and  a  half. 

As  a  <ly«',  it  is  now  at  m<»Ht  not  moix*  than  «>nr-thinl  of  the  av»*nip* 
pric<' of  madder  in  1H.')!» — 1H<)S.  ConM-iiuetuIy,  in  the  Knit*-*!  Kin^- 
<lom,  when  th«' annual  value  of  niaddrr  iiMjM>rt«'<l  wa-.  £l .(mmi.(wm).  the 
annual  s;»vinjf  is  very  ^nnit. 

While   eolhwtin^  the  >tatisti«-s  alM»ut  alizarin,  I  thou^^ht  it  woidd  U* 
ot"  inten-st  to  jrct,  if  |>4ks.silile,  the  statistics  of  the  entin*  eiud  tar  «"«>Ior 
industry,  and  to  the  kiixiness  of  H.  Caro,  of  the  liiidisihe  aniline  ant! 
iMKla  fahrik,  I  am  indehte*!  for  most  of  the  following  (Kirtieulars : 
t^dnuitfil    Vtilin'  nf  f/if  l*riHhtrtinn  of  CimiI  Tiir  (.^o/t}rM  in   1S7H, 
(Jermany,      tl.',<MH>,(HK).  of  whi.h  foiir-finiis  arr  .xiN.rt.il. 
Knjjland,  450,aH» 

Fnux-*-.  :{.")( ),(MMt 

Switzerland,       .'J'>(I,(KK> 


Total,       i;:i,15<),(K)<) 

There  aiv  now  in  this  eountry  si.\  txuil  tiir  txilor  work> ;  in  (Jt-r- 
numy  no  h-sH  than  17;  in  Fnuuv  al»out  5,  ami  in  Switzerland  4. 
Tliere  are  also  threo  works  in  (terniany  and  three  in  Kramv  which 
niatiufaetare  atiiline  in  enormous  ({uantitiis  for  the  pn»duetion  of  tiwl 
tar  t-olors. 

Sueh  is  the  won<lerftd  lr^''^vth  of  this  ind«Lstr>',  which  dat«->  onlv 
from  1S5<).  T(  is  the  fruit  of  s^ientifie  n><«-j»n'lu^  in  or^pmie  ehemis- 
try,  eondueteil,  mostly,  fn>m  a  seientitie  jMiint  of  view  ;  ami.  while  this 
indu.stry  has  made  8Uoh  ^n\t  proprta**,  it  luts,  in  it**  turn,  aeteil  as  a 
handmaid    to   eJiemit-zd    s<ienw,  by  placing  at  the  dis|KiRal  of  ehenii.»tii 
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products  which  otherwise  could  not  have  been  obtained,  and  thus  an? 
amount  of  research  has  been  conducted  througli  it  so  extensive  that  it 
is  difficult  to  realize,  and  this  may,  before  long,  produce  practical  fruit 
to  an  extent  we  have  no  conception  of.  One  very  important  coloring  mat- 
ter related  to  coal  tar,  and  one  of  the  original  sources  of  aniline — a  pro- 
duct of  as  great  importance  as  alizarin — has  yet  to  be  produced  on  the 
large  scale.  I  refer  to  indigo.  Baeyer  has  shown  that  it  can  be  pro- 
duced artificially,  but  at  present  no  practical  means  of  accomplishing 
it  have  been  discovered.  No  doubt,  however,  it  will  not  be  many 
years  before  this  is  achieved,  and  the  cultivation  of  the  indigo  plant 
share  the  fate  of  madder. — Journal  of  Applied  Science. 


ROAD   MAKING. 


By  M.  Jules  Laffineur. 

Translated  and  abridged  from  the  Annales  clu  G£nie  Civil  by  Pliny  E.  Chase,  IjL.IX 


A  ballasted  road,  in  good  condition,  should  present  a  smooth,  hard 
and  compact  surface,  and  should  form  an  impermeable  covering  for  the 
soil  upon  which  it  rests ;  consequently  the  two  qualities  to  be  consid- 
ered in  the  materials  which  compose  it  are  hardness  and  facility  of 
uniting.  Although  the  union  of  these  two  qualities  is  very  valuable, 
it  is  far  from  being  always  indispensable. 

The  hardness  of  the  materials  presents  a  very  great  advantage  only 
for  the  composition  of  the  upper  layer,  which  is  designed  to  support 
the  direct  action  of  the  wheels.  As  to  the  lower  layer,  which,  in  a 
good  system,  ought  never  to  be  reached  by  the  wheels  of  the  carriages, 
it  is  sufficient  that  it  should  be  formed  of  yielding  materials,  in  order 
to  be  able  to  intercept  the  communication  with  the  soil  and  to  shelter 
it  from  atmospheric  influences.  i    •  7 

As  to  the  size  of  the  ballasting,  experience  has  shown  that  the  most 
suitable  dimension  is  that  of  six  centimetres  (2"36  inches)  diameter. 
It  is  not  necessary  that  all  the  pieces  should  have  a  uniform  size ;  even 
if  this  were  possible  it  would  be  far  from  being  advantageous.  The 
upper  limit  should  be  six  centimetres,  and  there  should  be  fragments 
of  various  other  dimensions,  so  that  the  smallest  can  lodge  in  the 
spaces  between  the  largest,  and  thus  form  a  mass  more  compact  and 


Aug.,  1879.]  [,nffinrnr — Roml  Making.  93 

less   movable.      If    tin-   lialla-itiiij^   is   v<tv   hanl,   tin-  (liainetiT  of  six 
<'<?ntimctres  may  Ik-  wmowhat  Utn  ^r^at,  ••v«n  for  tlie  larj^t  pieces. 

When  a  r<Kul  lia-  l»o<'ri  huilt  aft«T  tlii-^  -vsti-rn,  it  is  far  from  Ixiiig 
imnu'<liat<'ly  tit  for  traveling,  on  an'ouut  of  tho^-at  amount  of  dniujfht 
which  it  nHjiiircs.  The  materials  l)ein^  simply  laid  a^in><t  one  anotlu-r, 
the  wheels  easily  s«'panite  them  and  raj)idly  pnxlne*'  rut^  in  \vhi«h  th'-y 
om  move  only  with  e.xtreme  <lil!i<ulty.  Th«'  travel  does  not  Ijf-f-ome 
^Lxy  until  the  jirolon^*-*!  passage  of  earriajjes,  aide<l  hy  atmospheric 
influences,  hax  connolidate*!  the  materials,  so  a-  to  form  a  <H»mpa«t  and 
resisting  m;w«. 

Wlit'ii  this  (*on.so]idation  is  etfe<'t<'<l  solelv  hv  the  traf!i<',  it  is  a<"«"oni- 
j»lished  slowly,  in  an  irp%nilar  manner,  and  with  j^n-at  lo*w  of  font*, 
]»rovide<|  the  forn-  is  left  to  act  by  rhanc*'  and  without  any  deti-rmin- 
at<'  dire<tion.  Therefore,  roads  should  not  U-  o|k  lutl  to  the  puhlie 
until  they  are  rea<ly  for  immeiiiate  a-H'  and  they  presi'ut  the  least  jx**- 
sihle  n-sistance  to  draujjht.  The  simplest  me:ins  f>fartifii-iallv  arriving 
at  this  n-sult  is  to  use  a  very  larp'  ami  lu-iivy  compressing  rolK-r.  The 
roller,  however,  ran  never  effe<*t  s«i  complete  a  uni«in  as  is  i^tahlisheil  hy 
long  travel.  There  is  probahly  a  ehemical  action  for  which  time  is  an 
indisjM'usahle  nnjuisite,  and  for  which  there  i«<  no  |v>s.sil)lo  sulwtitute. 

When  a  riKul  ha*^  Ihh'U  ("onstrui-te*!  in  a»fonlan«v  with  thi-s*-  princi- 
ples and  pHRXisses,  it  should  present  the  maximum  of  soli<lity  with  the 
minimum  of  thickn<>ss  and,  consiMjucntly,  with  the  minimutn  of  ciwt. 
If  this  thicknes^-i  apiK'ars  small  in  <-omparis4)n  with  the  oiu-  whieh  i- gen- 
erally adopt^xl,  it  is  c«>m{KMi.satc><l  by  the  «'«mi|»act  antl  unalterable  mass 
which  it  forms.  In  a  causeway,  for  example,  with  the  thickness  of  15 
<\'ntimetri's  [Ty\)  inches),  if  trenches  an*  cut  after  the  nuul  has  Ih-jii  f(»r 
a  long  time  in  use,  this  normal  thickness  of  15  wntimetn-s  will  l»e 
found  ever>*when',  forming  a  jM'rfectly  compact  whole.  On  the  c«>n- 
tmr)',  in  a  <"aus4>way  with  a  thickness  of  25  ••entimetn's  (0"84.'J  inche?*), 
I)uilt  with  materials  which  an*  freetl  from  all  foreign  sul*<tan<>->,  and 
<'«»ns«»lidate<l  by  the  tnivcl  and  by  suctxssive  additioas  of  lialla*«ting, 
instead  of  finding  the  uniform  thickness  of  25  •x'titinu'tn's,  there  will 
Ik*  sometinjes  .'10,  sometimes  15,  and  sonietinu's  only  5  ivntimetrt's. 
Mon-over,  there  will  always  Ih»  a  mixture,  more  or  less  considerable  and 
<»tten  enormous,  of  detritus,  having  no  miion  with  the  larpT  l>al lasting  ; 
so  that  su«h  a  road,  after  having  il«<*hI  much  morv  ItjillaNting  than  the 
former,  autl  having  imjxwe*!  ujxin  the  travel  a  bunlen  ten  times  as 
great,  will    present    much  less  solidity.      In    the   true   system    there  xa 
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not  a  stone  lost,  everything  concurs  to  a  useful  end,  and  we  obtain  the 
best  result  with  the  greatest  economy  of  means. 

The  defects  of  the  common  system  are  manifested  to  every  observer 
by  the  great  number  of  permanent  and  temporary  road  laborers  that 
are  employed.  The  methods  of  maintenance  which  constantly  secure 
solid  road-beds  reduce  the  waste  to  the  simple  wear  of  friction  and 
consequently  to  a  minimum.  They  are  the  methods  which  require  the 
least  repair  and  the  least  expense.  In  order  to  maintain  a  road  in  per- 
fect order,  it  is  necessary  to  stop  the  slightest  dilapidations  at  the  out- 
set, and  even  to  prevent  their  development.  The  most  rational  method 
requires  three  principal  operations : 

1.  To  facilitate  the  rapid  escape  of  rain-water  or  of  other  things 
which  ought  never  to  remain  upon  the  road. 

2.  The  removal  of  the  detritus  produced  by  the  wear  of  traffic  as 
speedily  as  possible. 

3.  The  prompt  application  of  the  materials  which  are  required  for 
repairs. 

If  the  roads  have  the  form  which  has  been  indicated,  the  discharge 
of  the  water  will  be  accomplished  naturally  and  easily,  without  the 
aid  of  manual  labor,  or  with  occasional  slight  and  inexpensive  assist- 
ance. 

The  removal  of  the  detritus  may  be  accomplished  at  intervals  more 
or  less  frequent,  either  in  the  form  of  mud  or  of  dust,  with  different 
instruments,  the  principal  of  which  are  the  rake  and  the  broom.  Tlie 
waste  should  never  be  allowed  to  remain  too  long  upon  the  road.  Mud 
is  always  injurious ;  it  maintains  a  moisture  which  softens  the  road  and 
disturbs  the  whole  organization.  It  hastens  the  formation  of  ruts  and 
increases  the  draught  of  carriages.  Dust  is  hardly  less  injurious ;  it 
increases  the  draught,  and  at  the  first  rain  forms  mud  with  all  its 
inconveniences.  The  removal  of  the  waste  should  be  uninterrupted, 
and  since,  in  such  case,  there  can  never  be  any  great  accumulations,  the 
rake  and  broom  will  be  sufficient. 

Roads  which  are  carefully  watched,  maintaining  a  sound  surface, 
with  very  slight  depressions,  the  ballasting  requires  especial  care.  The 
stones  should  be  broken  finer  than  those  Avhich  are  designed  for  new 
roads,  and  only  enough  should  be  employed  to  restore  the  normal 
thickness  and  replace  the  wear.  It  should  be  used  only  in  moist 
weather,  when  the  road-bed  is  a  little  softened.  In  order  to  facilitate 
the  adhesion  of  the  ballasting  to  the  old  road-bed  it  is  well  to  indent 
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tlic  l»<»nlci>)  uikI  »v»ii  tin-  \vlioI«-  Mirfa*-*'  of  tlu*  new  lallastin^  and  to 
cover  it  with  some  of  tlio  wa-Jto,  unU's.'^  tlu-n*  js  cun.si^kTahlf  «juarn- 
^puigue.  TlioK"  pH'tuution-'  wouUl  always  maintain  snicjoih  and  lianl  sur- 
fa«?s,  nearly  fnt*  from  innd  in  winter  an«l  t'nunda-t  in  summer.  They 
would  l4.r:id  to  gn-:it  siivin^  in  the  supply  of  l«illa-^tin^  and  in  tiie 
•  •iu|)liiym<i)t  of"  lal)orers.  The  work  of"  the  re^uhir  laUirers  sh<«uld  \n- 
Iimit4'«|  to  the  siiii|»le  ciiH' of  the  roiul-lHtl.  All  other  work,  >ueh  VLh 
tilt-  iiiaintcnancf  of  ditehes,  .shtjKs*,  Hidinpi,  ete,,  Mhuuld  Ixidune  by  txjn- 
tnu't  or  ^ivi'ii  out  in  jo! is  to  s|>e«-ial  lalxjrerw. 


CIIKMICAL  COMPOSITION  OF  MIXKRAL  (OAL. 


AliriiiK<^t  fniiii  Cnmptrji  Rmdw  hy  Pi.ivY  Kahi.k  <irA«K,  LI,.D. 


For  nejirly  thirty  ye:irs  I'rof.  K.  Fnruy  Ikl-  U-«n  studying  \tm  tai»le 
tissiu-s,  with  e>|Htial  nfi'n'iie*-  to  the  ehemi<iil  natun*  of  th<-  |>riii<i|»lt>i 
whitji  tluy  (i.utjiin,  and  tin-  intluentvs  whieh  have  eluui^xl  them  into 
li^uitt',  hiturninoii-.  f<ial  and  aii'.hnuitf.  He  U-^nin  with  e.xaiuinin); 
the  vegetable  skehtous.  The  sul>stanc\>  which  he  tir>t  studieil  were 
alnioet  wholly  unknown  ;  their  ehanu-tcrif*tie  pro[K*rty  is  their  pmduo 
tion,  under  tlu-  intluenrt-  of  a  fern»ent  or  of  n-jij^'nts,  of  gums  ami 
gelatines.  \\v  showtsl  that  they  are  all  ilerive«l  from  a  primitive  insol- 
uble eoni|M>und,  whieh  he  eiilUtI  y*«v/o*« ,  n-prex-ntetl  in  it.s  gn-sitest  sim- 
plicity by  the  formula  (.'^HjO,,  and  which,  by  («uo'v»«iive  |M»|ymerir 
transformations,  forms  at  tirst  gummy  sulistanci?<,  then  gi*laiinoiLH 
ImhHo,  and  finally  an  aci«|  solublr  in  water. 

lit  tin  II  lK-;raM  tin-  study  of  the  stable  element**  whieh  form  the 
tibre>,  cells  and  vcsmIs.  He  found  that  the  vi-getable  fnime-work  i?* 
not  .xo  simple  its  he  thought ;  it  is  not  built  up  of  simple  {vIIuUm-,  dif- 
ferently ineritstiil  by  other  sulistiunt>,  but  «»f  many  kinds  of  iMiinerie 
wllidoM-.  There  is  also,  in  nejirly  all  \k\t\s  of  the  skeleton,  a  very 
im|>«)rtant  Uidy,  which  ditl'ers  frt»m  the  txlluhk^-s  in  c«>m|MK.ition  and 
pn»|Krties,  whi«h  aU)unds  in  the  vest^'ls,  and  whieh  he  thenfon-  ciiIU 
rtwriiAw.-.  The  pro|H»rti<»ns  in  whieli  it  exiiJti*  in  difl'en'Ut  kiixU  of 
wihmI,  art'iH't  their  physic:d  (pialitii>.  (hik  mav  (xmtain  .'»4i  |ht  cenL  : 
in  walnut  shells  there  is  sometimes  '>(>  |ht  ivnt.  It  bin«U  the  wondy 
fibre>  t«»gi'ther.  C  austic  alkalies  dissolve  it.  and  they  an*  thereforv 
eiuployeil  in  the  mauutactutv  of  w«>oi|  |)«i(H*r. 
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After  ascertaining  the  composition  of  the  internal  tissues,  he  ana- 
lyzed the  cuticle  and  other  coverings,  discovering  cutose,  which  is  well 
fitted,  by  its  resistance  to  chemical  change,  for  protecting  the  parts 
which  are  exposed  to  the  air. 

Passing,  next,  to  the  bodies  which  are  most  often  found  in  the  tis- 
sues, he  showed  that  gum  is  a  true  salt  of  lime,  and  that  chlorophyll 
owes  its  green  color  to  a  salt  of  potash. 

In  extending  his  studies  to  combustible  fossils,  he  first  sought  what 
chemical  differences  characterized  wood,  peat,  the  different  lignites, 
bituminous  coal  and  anthracite.  He  found  that  wood  is  not  sensibly 
attacked  by  a  dilute  solution  of  potash,  while  peat  often  yields  to  that 
alkali  coasiderable  quantities  of  ulmic  acid ;  xyloid  lignite,  or  fossil 
wood,  still  contains  notable  proportions  of  ulmic  acid,  but  it  is  easily 
distinguished  from  wood  and  peat,  because  it  is  changed  into  yelloM' 
resin  by  nitric  acid  and  it  is  completely  soluble  in  hypochlorites  ;  com- 
pact, or  perfect  lignite  contains  no  appreciable  ulmic  acid,  and  still  it 
is  dissolved  in  nitric  acid  and  the  hypochlorites ;  as  to  the  true  coals, 
they  are  characterized  by  their  insolubility  in  neutral  solvents,  acids, 
alkalies  and  hypochlorites. 

In  his  synthesis,  he  was  guided  by  the  experiments  of  Daubr^e  and 
Baroullier,  which  indicated  the  importance  of  heat  and  pressure  in 
coal  metamorphosis.  He  performed  a  series  of  experiments,  in  which 
vegetable  tissues  and  the  substances  which  most  often  accompany  them 
in  organization,  were  separately  kept,  for  a  considerable  time,  at  tem- 
peratures from  200°  to  300°  (392°  to  572°F.),  in  hermetically  sealed 
glass  tubes.  He  found  that  cellulose,  vasculose  and  cutose  all  became 
black,  brittle,  yielding  water,  acids,  gas  and  tar,  but  preserving  their 
organization ;  they  did  not  melt,  but  gave  a  fixed  product  which 
showed  no  resemblance  to  mineral  coal.  With  sugar,  starch,  gum, 
chlorophyll  and  the  fatty  and  resinous  bodies  which  accompany  it  in 
the  leaves,  the  results  were  very  different.  By  long  calcination  under 
pressure  they  became  black,  shining,  often  melted,  absolutely  insoluble 
in  the  tested  chemicals,  and  very  different  from  charcoal,  for  when 
heated  to  redne&s  they  behaved  like  organic  bodies,  yielding  water, 
etc.,  but  having,  as  a  fixed  residuum,  a  hard  and  brilliant  coke.  The 
chemical  resemblance  to  a  specimen  of  Blanzy  coal,  which  was  ana- 
lyzed by  Regnault,  is  thus  shown  : 
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He  was  in<liicc<l  to  cx|KTiiiK*nt  on  \]ui>f  three  sulstanc*^  l>efau!*e, 
iiccording  to  Ad.  Broiigniart,  they  must  have  al)oun(lc«l  in  the  vejretahles 
which  pnxluce*!  the  coal  IknIs,  and  l)ecau.sc  gum  often  comes  fn>m  the 
transformation  of  tissues,  a**  Treoul  has  shown. 

Further  ex|)eriment.'*  led  him  to  the  dominant  hypothesis  that  vego- 
t;d)les  are  first  changed  into  jx-at,  and  that,  in  that  f(»rin,  the  di.sa|))M-ar- 
iince  of  the  organized  tissues  is  due  to  a  kind  of  turfy  formation,  as 
Van  Tieghem  snggesl<>«l.  He  then  o|)erate<l  on  thn-e  kimls  «>f  ulmic 
iicid :  1,  acid  wliich  he  had  himself  extnnt<-<l  from  |>eat  ;  2.  sac- 
chanimic  acid,  which  he  obtaine<l  from  .M.  P.  Thenanl ;  3,  idmie 
iicid  extracted  hv  treating  vas<'idos<'  hv  alkalies.  They  were  all  trans- 
f(»rmed  into  substances  similar  to  the  foregoing,  luider  the  combin«l 
iuHuence  of  heat  and  |>ressure,  as  is  shown   by  the  f(>llowing  analysis: 

('arlK)n.       IIy(Jn»>;on.     Oxvfjcn. 

Coal  fr(»m  jx-at  acid,  healed  24  li..    67-4S 

Same,  heatnl     72  hours,  71*72 

"  "       120      ''  76-06 

Coal  from  vasculose  acid,  7<)- 13 

Finally,  he  examin«Hl  tlu-  nKKlitications,  under  heat  and  j)n's-.ure,  of 
mixtures  of  chlorophyll  with  the  fatty  and  n-sinoas  Ixnlies  which  alco- 
hol extnu'ts  from  leaves.  Although  the  mixture  >\'a«'  at  first  soluble 
in  alkalies,  after  150  hours'  treatment  it  gave  a  l>lack  sul>stauce,  vi.s- 
(•ous,  insoluble  in  c:xustic  alkalies,  ami  j)resenting  an  evid«iit  analogy 
to  natural  bitumens. 
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Alizarin*CariIlilie. — A  mw  cojoriiig  material  is  manufactuntl, 
luuler  this  name,  by  tlir  Au<triaii  Ali/-uin  Manufacturing  ('«>mn!Uiy. 
With  tin  as  a  monlant,  it  ilye?*  wo<d  orange;  with  alum,  re<l.  It  is 
s:iid  to  surpas.><  all  j)revious  dyi-s  of  similar  tints,  in  In-xiuty,  brilliancy, 
flurability  and  variety  of  shading  with  ditVert'ut  monlants,  and  n^i-^t- 
ance  to  change  under  ex|M»sure  to  light,  air,  j)erspiration  and  w;f<hing. 
— FortMchr.  drr  Z^U.  C 
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REPORT  OF  THE  COMMITTEE  ON  SCIENCE  AND  THE 
ARTS  ON  THE  FAIRBANKS  TESTING  MACHINE. 


Hall  of  the  Franklin  Institute,  \ 
Philadelphia,  March  24th,  1879.      j 

The  Sub-committee  of  the  Committee  on  Science  and  the  Arts,  con- 
stituted by  the  Franklin  Institute  of  the  State  of  Pennsylvania,  to 
whom  was  referred,  for  examination,  Fairbanks'  Testing  Machine^ 
re}X)rt  that  the  machine  consists  of  a  section  of  track  scale  of  theii- 
usual  type,  having  a  platform  about  8  feet  long  by  4  feet  wide,  resting 
at  its  four  corners  on  knife-edges  in  four  multiplying  levers.  The 
fulcrums  of  these  levers  are  supported  on  knife-edges  in  links  freel)^ 
saspended  in  yoke-castings,  which  are  connected  together  in  pairs  by 
transverse  wrought  iron  frames  and  bolted  on  a  strong,  well-braced 
timber  foundation,  while  the  long  ends  of  the  levers  are  connected  by 
means  of  links  and  knife-edges  with  a  series  of  long  multiplying^ 
levers  leading  to  a  graduated  beam  similar  to  that  of  the  ordinary 
platform  scale. 

This  weighing  apparatus  is  excellent,  every  part  being  carefully 
pro})ortione(l  to  the  work  it  has  to  do,  and  the  whole  arrangement 
being  well  adapted  to  insure  the  greatest  accuracy  with  the  lea.st  liabil- 
ity to  wejir  or  derangement,  the  only  objection  to  it  being  the  space 
occujiied — 12  feet  by  6  feet — cx'casioned  by  the  length  of  the  levers 
and  the  openness  and  simplicity  of  the  construction. 

On  top  of  the  platform  are  four  inclined  cast  iron  columns  support- 
ing a  cross-head  from  which  is  suspended  the  wrought  iron  head  with 
the  wedge-shaped  clamj)s  for  holding  one  end  of  the  siJecimen  to  be 
tested  for  tensile  strength.  The  other  end  of  the  specimen  is  clamped 
in  a  similar  head  connected  to  a  cross-head  which  can  be  movetl  up 
and  down  by  two  screws  which  are  supported  at  their  upper  ends  in 
bearings  bolted  to  a  timber  frame-work,  and  jiass  down  through  the 
platform  of  the  scale  to  bearings  in  a  strong  cross  girt  between  the 
beams  on  which  the  scale  rests.  The  screws  are  rotated  by  means  of 
tangent  wheels  operated  by  worms  on  a  transverse  shaft  on  one  end  of 
which  is  a  pulley  with  a  crank  handle.  On  the  other  end  of  this 
shaft  is  a  large  gear  wheel  worked  by  a  ])inion  with  a  similar  pulley 
and  crank  handle.  When  motion  is  given  to  either  of  these  pulleys,. 
the  rotation  of  the  screws  draws  down  the  movable  cross-head  with 
the  clamp  holding  one  end  of  the  specimen,  and  as  the  clamp  holding^ 
the  other  end  is  supported  by  the  scale  platform,  any  strain  put  upon 
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the  HjKK'imen  will   Ik*  shown   l»y  the  Ixatii  pre<-itJely  a^*  if  the  j)latfonii 
w:is  a(t<tl  upon  hy  a  weight. 

When  tosts  for  transverse  strength  are  to  1m-  iiijule,  the  s|)e<'imen  is 
supported  on  two  knife-e<lges  resting  on  the  platform  at  a  detinite  <lis- 
tanee  apart,  while  a  e<'ntnil  knife-^slge  on  the  under  side  of  the  in(»v- 
al)le  er<>s8-heiul  is  brought  to  Ix-ar  ujMtn  it  hy  the  nrews  as  liefore. 

In  testing  metals  it  is  essential  that  the  grifH*  <»f  the  we<lgc  elamj)»> 
on  the  sides  of  the  sjKM'imen  shall  Ik?  uniform  and  not  tighter  on  one 
edge  than  on  the  other,  in  onler  that  the  strain  shall  \nt  e<jual  on  the 
entire  erf>ss-seetiou  and  produce  no  tearing  tendency.  To  eti'e<t  this, 
one  of  the  we<lges  is  matle  rounding  on  its  hack  and  with  side  play  in 
its  seat,  so  tJuit  it  <-an  adjust  itself  to  any  ine<jualities  or  want  nf  par- 
allelism in  the  s{)e<-imen. 

An  ingenious  and  eflicient  device  is  applied  to  the  graduate<l  U-ani 
hv  which  the  small  j)ois<'  is  move<l  out  automaticidly  as  long  :l>;  the 
heam  is  up,  hut  stops  whenever  the  Ix-am  falls,  thiLS  recortling  the  exaet 
point  at  which  the  sjKH.'iinen  breaks,  and  enabling  one  man  to  make  a. 
test  with  acrura<y. 

The  prwess  of  making  a  test  is  as  foll<»ws:  After  tixing  the  s|Kii- 
meu  in  [>lace,  the  heavy  |>oise  is  sot  at  the  noteh  on  the  be:im  at  which 
the  sjKX'imen  is  rxpectcil  to  stn-tth,  and  the  small  poise  drawn  back  to 
zero.  The  crank  on  the  worm  shaft  is  then  rotat<'«l  until  tin-  U-am 
rise's,  when  the  small  poise  commences  to  move  out  aut«imatie:vlly.  At 
this  poiiU  it  is  usual  to  change  to  the  other  crank  in  onler  to  gain 
pttwer  and  to  prevent  overrunning  the  motion  of  the  small  jxtiso. 
\\  ith  care  the  iKiim  «ui  1m'  kept  in  a  horizontal  jKisition  witli  the  iH>ige 
just  balancing  the  strain.  When  the  elastic*  limit  is  excettleil,  the 
s|Kvinien  yields  rapidly,  the  motion  of  the  crank  luis  to  be  increase*!^ 
and  finally  when  the  s|K'cimi'n  breaks,  the  ln'jim  falls,  stopping 
instantly  the  moti<»n  of  the  |M)iM'.  The  jnisition  of  the  Y^n>^'  then 
indicjites  tiie  exact  weight  which  broke  the  s|H.vimen. 

We  consider  this  machine  accin~ate  aM<l  reliable,  e:L<v  t«»  Ik-  under- 
sttKnl  antl  mauipulateil,  and  with  little  temlency  to  wear  or  tt»  ilerange- 
ment  of  its  |)jirtii,  and  that  its  dtsign  and  minle  of  construction  would 
enable  any  repairs  or  renewals  t<»  Ik-  e;isily  and  cheaplv  nuule. 

\N'm.   H.  Tuounk. 
Wm.  I).  Makks. 

.1.  n.Mo. 

Adopted  May  7,  ISTii.  Ja^KPH  Zkxtmaykr. 

H.  C'AUrwuuiH  r,  Chairman  pro  tan. 
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THE  SUN'S  COMPOSITION. 


At  the  recent  meeting  of  the  Royal  Astronomical  Society  in  London, 
Professor  Henry  Draper,  the  distinguished  American  physicist,  brought 
before  an  audience  of  English  astronomers  and  physicists  the  evidence 
by  which  he  appears  to  have  demonstrated  that  oxygen  exists  in  the 
sun.  It  will  be  remembered  that  when,  in  1859,  Kirchhoff  showed 
how  the  dark  lines  of  the  solar  spectrum  enable  us  to  analyze  the 
vaporous  envelope  of  the  great  central  luminary  of  our  system,  the 
substances,  the  presence  of  which  was  recognized,  belonged,  with  one 
exception,  to  the  family  of  metallic  elements.  Iron,  zinc,  copper, 
aluminium,  sodium,  magnesium,  cobalt,  nickel,  calcium,  chromium, 
titanium  and  manganese  were  found  to  be  present  in  the  sun.  Besides 
these  metals,  hydrogen  was  recognized.  It  is  doubtful  whether  even 
hydrogen  ought  not  to  be  included  among  the  metallic  elements,  for 
the  late  Professor  Graham  succeeded  in  forming  what  he  regarded  as 
an  alloy  of  hydrogen  and  palladium,  which  (if  his  interpretation  of 
the  experiment  was  correct)  would  oblige  us  to  consider  hydrogen  as  a 
metal  no  less  than  palladium.  In  that  case  hydrogen  would  be 
regarded  as  a  metal  which,  at  ordinary  temperatures,  is  in  the  gaseous 
form,  precisely  as  mercury  is,  at  ordinary  temperatures,  a  fluid  metal. 
Adopting  this,  which  is  probably  the  correct  view,  we  may  say  that  all 
the  elements  the  presence  of  which  in  the  sun  had  been  determined  by 
dark  lines — that  is,  by  absent,  or  rather  by  relatively  feeble  tints — in 
the  solar  spectrum  are  metallic.  The  absence  of  all  evidence  respect- 
ing some  of  the  other  elements  might  not  have  seemed  remarkable, 
because  it  might  well  be  believed  that  they  were  present  in  quantities 
relatively  so  small  that  our  means  of  analyzing  the  sun  failed  to  detect 
these  substances.  We  could  thus  understand  why  spectroscopists  should 
have  obtained  no  evidence  of  the  presence  of  gold  in  the  sun,  the 
•element  by  the  way,  which  the  alchemists  and  astrologers  of  old  times 
regarded  as  specially  solar.  But  that  such  elements  as  oxygen,  nitro- 
gen and  carbo)i,  which  are  such  important  constituents  of  our  earth, 
should  be  absent  from  the  sun,  or  should  not  be  present  in  quantities 
large  enough  to  make  their  detection  easy,  seemed  surprising.  The 
wonder  was  increased  in  the  case  of  the  two  latter  elements  by  the 
circumstance  that  Dr.  Huggins  recognized  the  presence  of  nitrogen  in 
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tli<  faint  mist-like  objwt-i,  the  ^.Ls»*«»if*  nelxila',  iiiul  tlit-  pn*emt.' of  «ar- 
Imhi  (tlioii^li  not  «ji»iteH<»  hiitinfju-torily)  in  <trtuin  ronu't*?.  But  tiiou;:ii  n<» 
«.|M'<;tro64'o|)i<*<'vi<l<'n«'<j  of*  tin*  pn-s+^-iu-e  «)f  oxy^fu  in  luiy  of  tin-  solf-lunjiii- 
MiiM  (ficstial  ImkUcs  IkuI  Ihh'Ii  ohtainwl,  .so  that  tlif  al*»cmv  of  any  fvi- 
ilcncc  of"  oxvi^fii  ill  the  mum  \v:ls  in  (ine  sonn**  les«  reniarkable,  it  was  in 
anotlicr  .s4Mi.'m_'  the  most  renjarkal»lc  of  all  the  n«yativ»-  roults  of  H»lar 
-|M-«tros<'oj)ic  unalvsi.s.  ()xvjr«'n  is  «'«tmmitnlv  Ih-HcvwI  to  form  oiio- 
iliinl  <»f  tlic  mass  of"  our  eartli's  crust,  and  is  known  to  form  eijrlit- 
ninths  of  tlir  wator  wlu-n-  it  is  (•<(ml»in«'<l  (that  is, cliemit':illy  OK-^x-iatMl) 
with  hydroj^cn,  and  one-fifth  of  the  air  where  it  is  niixetl  (not  com- 
l)ined)  with  nitrogen.  We  umnot,  it  is  true,  aHHunie  iliat  tiie  stnuturc 
of  th(!  Hiin  ix  identical  with  that  of  the  earth  ;  indcitl,  many  consider 
that  <'jich  planet,  lut-ordin^;  to  it-s  distanc**  fn»m  the  -iin.  is  difJenntly 
"•onstitutnl,  havinj;  the  siimc-  eh-ments,  iHrhaj>s,  hut  in  <litrerent  pr"i|M.r- 
tions,  whili;  the  sun  is  unlike  them  all.  Vet  it  would  lie  difli<-ult  to 
inidcr>tand  how  in  the  j^reat  central  mas'^,  in  which  the  dens<'r  elements 
\v<»uld  Im'  the  mon?  aiiuiulant,  the  li^ht<rst  of  all,  hydn»^Mi,  «h<>uld  Im- 
|trocnt  in  enormous  tpiantities,  while  oxy^'n,  so  much  den>«T  under 
the  s:imi'  conditions,  .«.hoid«l  Im-  al>s<.'nt  <»r  present  only  in  such  small 
auKUint  as  to  afloitl  no  evideni-e  of  it^  existen«t'.  The  luitural  inf«r- 
ence  would  be  that  oxygen  and  the  other  non-metallic  elements,  thou|;li 
really  j>resent  in  the  sun,  arc  sitimt4Hi  Ik-Iow  that  visible  surface  of  the 
«^Mn  which  we  c:ill  the  photosphen-.  That  at  any  rat*'  they  an*  not 
prcs«nt  alHivc  that  surfiuv  in  any  a»nsid»nible  tpiantity  is  cUr:irly  shown 
l»y  what  hapjH.n.s  during  totid  e*'lij)rteK  of  the  sun  ;  for  whenais,  at  the 
moment  wlu-n  the  sun  is  just  fully  hi«lden  by  the  m<»on,  the  metalli«- 
elements  usually  re<'ognize<l  by  the  ulifsirptive  action  of  their  vajnirs  on 
th«'  sun's  light  ttan  be  retx>gni7Axi  by  tlieir  emisnive  an'tion,  a  niinbow- 
tint<.il  army  of  bright  lines  sud<lenly  replacing  the  niinlK»w-tinti-«l 
struuk  erossetl  by  a  corri»|M»nding  array  of  «l;irk  Ums,  tJie  bright  lines 
of  oxygen,  nitnigen,  c^rlnui  and  other  non-metallic  elements  Imve 
never  Inx-n  rei-ogniw*!,  even  under  tl»es<'  fav«»nible  ctmtlitions.  lUit  if 
oxygen  existetl  in  enormous  (piantities  within  the  visible  gloU-  of  tlie 
sun,  its  ppifW'ntv  might  Ik*  re«-«»gniz«il  in  luiother  way.  iV-^itlo  the 
dark  lines  in  the  Hular  sjHt'tnim.  then'  are  bright  line:*  eiTtainly  al 
tinn-s,  and  proUibly  alwaivs.  S»me,  in«Kt««l,  have  saiil  tliat  as  the  glow- 
ing vajMUN  which  j»riKlu«\'  the  niinUtw-tintcd  jirr;iy  of  lini^  ju><t  m«'n- 
tionixl,  are  at  all  tinu»  pn.9<>nt  o\-er  tlie  smi's  surtmv,  there  art*  always 
bright  lines;  but  xs  the  quctition  Is  always  of  relative  briglitne!*^,  and 
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as  these  particular  tints  are  fainter — corresponding,  in  fact,  to  the  dark 
lines — this  mode  of  speaking  seems  as  incorrect  as  it  would  be  to 
describe  the  dull  disk  of  a  small  red  hot  globe,  seen  projected  on  a 
bright  background  at  a  white  heat,  as  forming  a  bright  instead  of  a 
dark  spot  on  that  bright  white  background.  When,  however,  as  some- 
times happens,  the  known  lines  of  some  element  disappear  and  pres- 
ently reappear  as  bright  lines,  we  perceive  that  for  the  time  being  the 
spectroscopic  evidence  respecting  that  particular  element  is  changed  in 
■character.  We  know  that  that  element  is  present  in  the  part  of 
the  sun  examined,  but  we  know  this  because  we  see  the  bright  lines, 
not,  as  usual,  the  dark  lines  of  that  element.  This  happens  frequently, 
for  instance,  in  the  case  of  hydrogen,  when  those  exceedingly  bright 
parts  of  the  sun's  surface,  which  are  called  faculte,  are  examined.  For 
the  time  being,  the  hydrogen  there,  probably  to  a  depth  of  many 
thousand  miles  l>elow  the  visible  surface,  is  glowing  with  a  heat  exceed- 
ing that  of  the  matter  forming  the  photosphere,  regarded  as  a  whole ; 
thus,  the  hydrogen  indicates  its  presence  by  its  emissive,  not  by  its 
absorptive,  action.  If  oxygen  were  present  in  very  great  quanti- 
ties in  the  sun,  but  always  lay  below  the  visible  solar  surface,  and  was 
at  a  higher  temperature  than  that  prevailing  at  the  surface,  then  oxy- 
gen might  indicate  its  presence  by  its  bright  lines,  and  could  certainly 
indicate  it  in  no  other  way.  Now  it  is  evidence  of  precisely  this  kind 
that  Professor  Draper  seems  to  have  obtained  respecting  this  most 
important  element.  He  had  been  engaged  since  1863  in  obtaining 
simultaneous  photographs  of  parts  of  the  solar  spectrum  and  of  cor- 
responding parts  of  the  spectra  of  hydrogen,  nitrogen  and  carbon.  In 
examining  a  series  of  such  photographs,  in  which  the  fluted  spectrum 
of  nitrogen  was  in  juxtaposition  with  the  solar  spectrum,  he  found 
reason  to  suspect  that  some  of  the  bright  lines  of  nitrogen  agreed 
exactly  in  position  with  bright  bands  in  the  spectrum  of  the  sun.  Pur- 
suing his  researches,  he  found,  even  at  that  early  stage  of  his  labors, 
very  striking  evidence  of  agreement  between  the  bright  lines  of  oxy- 
gen and  solar  bright  bands.  It  was  not,  however,  till  the  year  1877 
that  he  was  so  far  satisfied  as  to  announce  "  The  Discovery  of  Oxygen  in 
the  Sun."  The  paper  thus  named  was  illustrated  by  enlarged  views 
of  the  negatives  he  had  obtained.  So  that,  in  point  of  fact,  the  reader 
was  provided  with  the  very  evidence  which  had  satisfied  Profes,sor 
Draper.  He  did  not  merely  send  pictures  of  what  he  had  seen,  but 
the  observations  themselves,  seeing  that  the  photographs  remained  pre- 
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wisely  a.s  nature  had  left  thcni,  save  only  for  a  few  refercnre  lines  and 
letters  added  around  the  margin  to  make  tiieni  intelligible.  In  these 
photograplis  a  part  of  the  sp<'etnnn  of  the  sun  was  s^M-n  side  l)y  si<le 
"Nvitli  the  hrij^ht-line  sjn-etrurn  of  air.  The  bright  lin«-s  of  iron  were 
shown  in  conipany  with  those  of  air,  in  order  to  in<lic:ite  the  exaft 
ngreernent  of  the  iu.\taj>os<>d  sp<'<-tni  by  the  coincidenee  of  the  iron 
bright  lines  with  the  corresponding  .solar  dark  lines.  Ever}'  one  of 
the  oxygen  bright  lines  was  .seen  to  coincide  with  a  l)right  jiart  of  the 
solar  spectrum.  In  some  ca.ses  the  coincidence  was  very  striking, 
iKKiiu.se  the  bright  line  of  the  air  sixH-trum  not  only  agreixl  exactly  in 
position,  but  ver)'  closely  in  character  also,  with  a  bright  band  in  the 
solar  S|>ei'truin.  This  close  resemblance  could  not  in  every  ca.»*e  lie 
recognized — a  circuinstance  by  no  means  surprising  when  we  n-memtnT 
that  if  these  bright  bands  in  the  .solar  siH'ctrum  are  really  due  to  the 
presence  of  great  quantities  of  oxygen  below  the  visible  sf»lar  surfa<*e, 
the  light  of  this  <»xygen  cjin  onlv  reach  us  after  jta.s>iing  through  the 
<'fM)ler  envelope  of  metallic  vapors  which  pHnhu'es  the  dark  lines,  and 
mu.st  be  att'e<te<l  by  the  alworptive  action  of  those  vap<»rs,  which,  <»f 
course,  was  not  the  ca.se  with  the  oxygen  of  the  air  from  which  l*ro- 
fe.s.sor  Dra|K'r  obtained  the  bright-line  comparison  s|KH'trinu. 

Many  experienced  s|K'<'tnK«i<'opists  remained  unconvinct-fl  bv  the  evi- 
dence which  Professor  Drajxr  thus  advanctnl  in  1877.  They  consid- 
crtnl  that  the  disjM'rsive  |M»wer  of  his  sjM-<'tros4-opic  batter\'  was  not  .suf- 
ficient to  pkuv  iK'yontl  question  tlie  coiniidemx's  on  whi<h  he  Inusi'd  his 
ooncliLsions.  Other  olyections  alao  were  advanceil  which  neetl  not  here 
be  dwelt  u|)on.  In  the  true  scientific  spirit  Professor  DrajKT  set  to 
work  to  apply  more  si'arching  tests  to  -liis  result.  TIjo  .s<.'iile  of  his 
('ulargetl  j)hotogniph  had  Inrn  half  that  of  Angstrom's  well-kn(»wn 
*'  normal  s|>ectrum."  Tho.^e  which  lie  exhibiteil  hust  Friday  at  the 
Astronomiitil  Sniety  were  on  a  .st-jde  f(»ur  times  greater.  The  eviden(>e 
<lerive<l  from  each  coincidence  w:is  thus  incre:L<tHl  tour  fold  in  value, 
the  evidences  from  two  coincidences  sixteenfoUl ;  fn»m  three,  sixty-four 
fold,  and  from  the  eightivu  riH-ogniztMl  coincidencfs  alH»ut  •).*<, 72o,«HH),- 
OOi)  times.  He  etUrtt'il  also  an  improvement  likely  to  have  great  value 
in  otlier  spectrtwcopic  resean-hes.  The  electric  s|Nirk  through  air,  whi<h 
gave  the  air  sjHx-trum,  pursued  a  zigzag  course,  like  a  lightning  flush 
on  a  small  t^iilv.  He  wantcil  a  .straight  i\:\s\\,  or  at  any  rate  a  fiat  flash, 
as  that  .seen  fn)m  one  dire<"tion  it  should  ai)|H':ir  as  a  straight  line.  So 
lie    invented    what   he    ("ills    the    spirk-compressor.      The   terminalri 
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between  whieli  the  spark  passes  are  introduced  into  a  small  block  of 
soapstone,  and  between  them  a  small  flat  aperture  is  prepared,  between 
the  w^alls  of  which  the  electric  flash  has  to  travel.  This  space  is  left 
open  on  one  side,  somewhat  like  the  slit  of  a  money-box,  and  the  spark 
seen  from  that  side  necessarily  appears  as  a  straight  line,  though  it  ma}" 
have  a  considerable  amount  of  zigzag  play  in  the  plane  of  the  flat  space 
left  for  its  passage.  The  result  of  this  arrangement  is  that  the  spec- 
trum of  the  air  lines — oxygen  and  nitrogen — as  also  of  the  iron  lines,, 
obtained  by  having  a  little  iron  at  one  of  the  poles,  is  much  better 
defined  and  more  trustworthy  than  it  had  been  before  this  plan  was 
adopted. 

It  may  be  interesting  to  say,  in  conclusion,  a  few  words  about  the 
labor  and  time  involved  in  this  research.  The  bobbin  of  the  Gramme- 
machine  revolves  once  for  each  spark  used  in  obtaining  the  photo- 
graphs of  the  air  spectrum.  Each  photograph  requires  30,000  sparks, 
and  the  photographs  obtained  in  the  last  three  years  have  required  no 
less  than  20,000,000  sparks;  so  that  the  bobbin  of  the  Gramme 
machine  has  revolved  20,000,000  times.  Although  the  petroleum 
engine  used  for  driving  the  machine  consumes  only  a  couple  of  drops- 
of  oil  at  each  stroke,  150  gallons  have  been  used  up  in  three  years. 


Formation  of  Hail. — M.  G.  Oltramare  points  out  two  diiferent 
results  which  may  arise  when  air  that  is  saturated  with  moisture 
becomes  chilled.  The  watery  particles  may  collect  in  drops  and  fall 
by  their  own  weight,  leaving  the  air  transparent ;  or  they  may  remain 
in  suspension  and  form  a  cloud.  In  the  latter  case  he  supposes  that 
the  molecules  are  kept  apart  by  electrical  repulsion.  Jamin  and  other 
investigators  have  found  that  the  watery  particles  in  mists,  may  remain 
liquid  at  —14°,  or  even  at  —20°  (6-8°  or  —4°  Fahr.),  provided  there 
is  no  sudden  shock  or  solid  contact,  especially  with  ice.  In  such  a 
conditon  of  "  superfusion,"  if  there  is  a  sudden  discharge  of  electricity 
the  separating  force  disappears,  and  the  sudden  union  of  particles,  under 
their  joint  attractions,  forms  hail-stones  of  various  magnitudes.  This 
explanation  accounts  for  the  rustling  which  is  heard  before  a  fall  of 
hail,  as  well  as  for  the  accompanying  electrical  phenomena.  The  size 
of  the  stones  depends  partly  on  the  thickness  of  the  cloud,  partly  on 
the  lowering  of  temperature  in  superfusion. — ComjAes.  Rendus.     C. 
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APPUOXIMATK  (^rADRATl'URS  OF  THK   C  lUCLK.— II. 


I>v  I'l.iNv  K.\iti,i:  ('n.\sK,  LL.D. 


SiiKX'  tin*  jiiiljlic;ition  of  my  graphic  upproximutiori  in  the  July 
mniiher  of  the  JouuNAi.  of  tiik  Fk.anklin  Institutk,*  my  atten- 
ti(»n  has  Imm'ii  (silled  to  the  folhtwing  coiistnution  in  I't'rkiuM'e  Geometry 
(I).  .Vppl.toii  tt  Co.,  18o;J). 

On  an  indefinite  .straight  line  A  \,  lay  ofl"  AB=  HI)  =  DE=  1 ; 
;U  I'l  i'TXH-X  a  jMrjuiidiciilar  Ed  ^=  2AB  =  'IKF ;  on  EN  lay  off  KH 
=  UK  =i  A<i,  KL  (towards  A)  =  AF,  LM  (towanl«  i\ )  =  DO, 
MN=zDF;  bisect  A'.Vat  /^  FF  at  A',  and  AH  at  C;  tritttt  Fli  at 
T.     Th.i,  (T  =  :i  141 5i)'22  .  .  . 

The  author  cuIIh  hi-s  methcxl 
"ver}'  simple,"  and  eays  that  a 
Ix'tter  one  "can  hardly  l)e  exj)CO- 
te<l,  or  even  dwirtnl,"  But  the 
approximation  of  Adrian  Meliuj«, 
^^|,  is  still  clo»ser,  and  tlie  foll(»\v- 
ing  cijnstruction  of  his  ratio  is 
more  simph' : 

On  AB  =  7  ere<'t  th<'  {)er[K.'ndieular  BC  =  H;  extend  C'B  to  J), 
taking  DB  =  9;  on  J/> erect  the  |)er|Kndi(ular  DF  =  15;  Uike  AE 
=  ac  and  draw  E<i  jxirallel  to  FC.  Then  AF  =  ffM'^'  = 
.'M415!>2J>2  .  .  .  .l^V,  the  true  ratio  of  the  eireumferenec  of  the  diam- 
eter being  .'i.l415i)'JG5.  .  .  .  The  error  of  this  construction  is  less  than 
Tr6V(rff  "^  <^'"t^  \^^  tvnt.  Perkins's  error  is  a  little  more  than  75^5^5  of 
one  |M»r  eent.  Neither  nutluHl  is  so  simph>  nor  S4»  d««ind)le  for  prac- 
tiejd  purposes  as  the  one  wliich  was  given  in   the   last   numl>er  of  the 

.I«»IUNAI,. 

II.VVKUFOIU*  CoM.WJK, 

JiUy  U\th,  1879. 


*  p.  45.    In  the  last  line  of  the  third  pangraph./or  'HAC  r*ad  ^  ZAC 
Whole  No.  Voi-  CVIII.— (Third  Seriim,  Vol.  Ixxriii.)  8 
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A  NEW  METHOD  OF  COXSTRUCTING  IXDEX  PLATES 
FOR  GEAR  CUTTERS. 


Bv    Prof.  John   E.  Sweet. 


The  making  of  practically  perfect  index  plates  for  gear  cutting 
machines  is  a  ditferent  matter  from  graduating  circles  for  astronomical 
instruments. 

Imperfect  as  graduated  circlas  prove  to  be,  when  subjected  to  the 
test  of  astronomical  observations,  or  triangulating,  as  practiced  by  the 
Coast  Survey,  they  are  no  doubt  quite  accurate  enough  for  the  index 
of  a  gear  cutter ;  yet  transferring  the  graduations  from  the  circle  to 
the  index  plate  introduces  sources  of  error,  and  besides,  the  graduations 
will  serve  for  making  but  one  of  a  hundred  rows  of  holes,  and  thus, 
ninety-nine  other  rows  would  have  to  be  produced  by  a  repetition  of 
the  same  tedious  and  even  more  difficult  method — more  difficult  by  the 
method  of  sub-division,  at  least,  because  360  is  divisible  by  bi-section 
to  a  low  degree,  while  97  or  89  are  not. 

An  account  of  the  different  methods  invented  and  tried  for  the 
division  of  the  circle  and  the  construction  of  index  plates  would  be 
interesting;  but  one  attempting  to  write  such  a  history  who  had  not 
made  it  a  life  study  would  be  likely  to  omit  more  of  the  ways  than  he 
remembered  to  recount.  So  I  describe  the  following  method,  which  I 
believe  to  be  new,  leaving  the  history  and  comparison  to  the  enthusiast 
or  more  experienced. 

To  make  one  or  more  plates  with  69  circles  of  holes,  increasing  by 
4  from  228  to  500,  in  a  plate  about  5  feet  6  inches  in  diameter,  the 
following  method  is  suggested: 

500  hardened  steel  bushes,  -^  inch  in  diameter,  about  |  inch  long, 
with  holes  perhaps  -^^  inch  in  diameter  through  their  centres,  are  to  be 
iLsed.  The  holes  are  to  be  ground  perfectly  true  to  size,  on  the  system 
of  the  Whitworth  cylindrical  gauges,  and  their  outer  surfaces  ground 
to  perfect  cylinders,  uniform  in  size  and  concentric  with  the  holes. 
Such  work  is  now  done  by  the  ''American  Standard  G^uge  and  Tool 
Company,"  and  guaranteed  to  ^^l^^^  inch. 

The  steel  bushes,  which  serve  the  double  purpose  of  dividing  the 
circles  and  guiding  the  drill  in  drilling  the  plates,  are  to  be  used  in  the 
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following  manner:  A  <-ast  iron  (lif<c  or  template,  ^  inch  thick,  some- 
what larj>;cr  than  the  plate  to  Ix-  marie,  ha><  on  it^  lower  side  three 
j)rojectionx,  boretl  so  as  to  embrace  the  outer  e<lge  of  the  plate,  and 
hxate  the  two,  concentric  with  each  other.  The  two  Vjeing  mounte<l 
in  the  lathe,  a  hole  is  Ixjreil  in  the  template  so  a«*  to  embnu-c,  by  a  clone 
fit,  228  of  the  steel  bushes  when  placed  within  it«  inner  surfaiv,  the 
template  to  Ix.'  warme<l  wh'-n  the  bushes  an-  ins<'rte<l,  and  allowed  to 
shrink  ujkui  them. 

Through  these  bu>h<'s  the  iiiut-r  cinle  of  holes  is  jlrillftl,  th«'  ba-ihes 
rciuovinl,  and  the  teinj)late  l>ored  to  contain  2'-l'2  other  blL"'he^<,  through 
which  the  second  circle  of  holes  is  drille<l,  and  in  like  manner  the 
other  (')7  circles. 

By  using  the  bushes  sucortssively,  no  bush  would  Ix*  use*!  more  tlian 
ol  times  nor  lesis  than  5(). 

By  this  method  the  sources  of  error  are  nKluced  to  a  minimum. 
.Just  s^)  |>erfe<'t  as  the  bushes  can  Ik*  ground,  just  alxmt  that  |K'rfe<*t  it 
might  well  Ik-  exiMH-teil  that  the  plate  wouM  be  drill«><l.  Probably 
nlrilling  the  holes  ^  or  ^^  inch,  and  then  enlarging  them  by  a  c<junter- 
borc  to  ^-  inch,  would  iii-^un*  a  m(»re  perfect  nrsult  than  by  tnL-*ting  to 
the  drill  f(»r  the  tinishetl  hole. 

Other  precautions  might  Ik?  taken,  such  it's  drilling  up,  that  is,  with 
the  facedown;  and  .s<»me  arrangement  for  ht^ting  the  template  with 
warm  water  l)efore  setting  the  bushes  would  Ix*  likely  to  insun-  more 
j»erfi'<-t  results. 

The  cost  of  this  meth(Kl  would  be  excessive,  but  if  five  or  ten  plates 
were  m:ule  at  the  s;une  time,  the  cost  would  Ix'  pn){x>rtionately  less. 
Vonu'U  ('nii'ersiti/,  Itfutco,  X.   )'.,  ^ 
June  16th,  1879.  / 


Glaciers  in  the  Maritime  Alps. —  llic  •  mm.  ik  «  <n  m.. mines  on 

the  Ligiiriiiii  coa-t  h;L^  otun  Ucu  (|iicstionc<l.  and  gi^ologi-^ts  have  Ix-en 
unable  to  jK)int  to  any  concliwive  evidence  of  a  former  uy  sea,  anal- 
agous  to  the  one  which  had  st>  many  outlets  in  Piedmont.  M.  ( '.  iH'sor 
after  vainly  exploring  the  neighb<»rhood  ot  Nitv,  luis  touml  well- 
markinl  moraines  about  20  kilometres  (12*43  miles)  in  the  interior,  at 
the  Wn^t  of  the  junissic  ma"«e8  which  form  the  outposts  of  the  moun- 
tains.— L€^^  MuiuUs.  C 
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A  NEW  GENUS  IN  TELEPHONES. 


By  Prof.  A.  E.  Dolbear. 


The  common  form  of  .speaking  telephones  relies  for  its  action  upon 
currents  of  electricity  developed  in  helices  by  the  varying  strength  of 
magnetic  induction  when  an  armature  moves  in  the  magnetic  field. 
These  currents,  traversing  other  coils  about  the  poles  of  a  magnet,  vary 
the  inductive  strength  of  it  and  thus  set  its  armature  in  motion  as  the 
first  is  moved.  There  are  many  forms  of  these  instruments,  all  known 
by  the  generic  title  of  magneto-telephones. 

Edison  has  developed  out  of  his  motograph,  which  was  invented 
several  years  ago,  a  receiving  telephone,  which  is  said  by  those  who 
have  heard  it  to  be  surprisingly  loud.      Its  principle  of  action  is 

entirely  distinct  from  that  of  the  magneto- 
telephone,  and  depends  solely  upon  the 
varying  friction  between  two  surfaces,  one 
of  which  is  an  electrolyte,  when  a  varying 
current  is  passed  between  them.  The 
stronger  the  current  the  less  the  friction, 
and  these  conditions  are  so  rendered  mechan- 
ically as  to  effect  a  transformation  of  electrical  waves  into  corresponding 
sound  waves  in  air.  This  is  a  distinct  genus  with  but  one  species  to* 
represent  it. 

The  following  is  a  description  of  still  a  third  kind,  as  unlike  either 
of  the  former  as  they  are  unlike  each  other.  While  experimenting 
with  a  common  string  telephone  with  a  screw  tied  to  the  end  of  the 
short  string  of  three  or  four  inches,  the  screw  being  made  the  arma- 
ture to  an  electro-magnet  in  circuit  with  an  Edi.son  transmitter,  I 
found  that  the  speech  wa.s  rendered  plainly  when  the  screw  adhered  to 
the  pole  of  the  magnet,  provided  that  the  screw  was  slowly  dragged 
over  it  while  the  variable  current  was  passing.  The  interpretation  of 
this  phenomenon  was  instantly  j)erceived  and  I  have  had  con.structed 
an  instrument  in  which  these  conditions  are  employed  to  greater 
advantage.  A  short  straight  bar  electro-magnet  is  furnished  with  a 
crank,  as  in  the  diagram,  so  it  may  be  rotated  within  its  coil.  Lying 
upon  the  poles  of  this  magnet  are  the  ends  of  a  bent  armature,  marked 
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^Vand  S.  TIk'  l»:i<-k  «»r  this  armatiin'  is  t'lLsti.-iKHl  to  a  plato  of  mi«:a  or 
pajxT,  or  tliiii  iron,  inoimttMl  jls  sudi  ))lat«s  aro  in  «>nlinarv  ro<x.MV«'ri, 
-'•  that  aiiv  motion  of  the  jM)les  A'^ainl  N  will  h«'  ifiipart***!  to  tho  plate. 
Suppose  a  <*iirrfnt  of  cloctricity  travcrsf-s  the  l>ol)biii,  thif  straij^ht  l>ar 
hccjimcs  a  maj^net  with  streiij^th  proportional*;  to  the  strenj^th  of  the 
<'urrent,  and  the  armature  will  adhere  to  the  poles  of  it  with  a  certain 
<lej^ree  of  adhesion.  Now  let  the  crank  Ix?  turned  .sl<»wly,  and  the 
adhesion  of  the  armature  will  result  in  stretching  the  plate  and  the 
<'es.s;itioii  of  the  current  will  permit  the  plat<'  to  n-^in  its  former  \ttm- 
tiou  throuj^h  its  own  elasti<'ity.  A  vark'inp  current  will  rtsult  in  vary- 
in^''  adhesions  and  the  cons4'<pient  vil)nitions  of  the  plate,  and  tiilkin^ 
n)ay  plaiuly  l»e  heard  with  an  instrument  construct*-*!  thus.  This 
instrument  I  have  nanietl  the  llataphone.  Of  course  there  are 
many  ways  in  whi<h  this  prin«>iple  may  Ix'  utilize<l.  Instejid 
of  rotatinj;  tho  mai^net  the  en<ls  of  the  armature  may  Ix-  prolonije<l, 
and  rest  upon  a  cylinder  or  pulley,  whi<'h  may  bo  rotateil,  and  the 
varvinj^  attractions  will  cause  the  diaphniirm  to  vibrate.  If  a  strip  of 
paper  be  put  between  the  armature  and  the  |)oles  of  a  c«»mmon  nday 
or  sountler,  which  is  in  circuit  with  a  transmitter,  and  the  paj)er  l>e 
*<lowly  drawn  al(tri<;  while  ar\  intermittent  or  vibrating  current  passes, 
the  ear  a|)|>lied  to  the  pajM-r  will  hear  the  sounds,  and  articulate 
speech,  if  the  current  Ix,'  varied  by  such  sounds,  anil  if  the  armature 
itself  be  so  made  as  to  rotate,  the  same  etfeet-*  will  be  producetl. 
Tuft's  Collecjk,  CoUeye  I  Hi/,  Muhm. 


Galvanic  Dilatation. — In  order  to  t*rst  Kdwanls'  hy|x>thcsis 
that  the  p:Ls.«>;i<re  of  a  galvanic  current  pnxluctM  a  meehanical  elonga- 
tion, M.  Bloudlot  has  eontriveil  a  delicate  e.x^ieriment.  He  txikes  a 
strip  of  co|)|)er,  thoroughly  annealiHl.  which  he  IxMuls  into  a  kind  of 
•  luailningular  spiral,  l"a^t<'ne«l  at  it.s  upix-r  end  anil  <-iirrying  at  its  lower 
extremity  a  shaft  whi<h  plungt^  into  mer^Mirv.  When  a  curnnt  is 
passiil  through  the  spiral,  all  the  angles  should  vary  if  there  is  anv 
dilatatiou,  and  as  all  the  variations  ar^'  cumulative  the  terminal  stalk 
.-hould  turn  through  an  angle  which  ivuld  1h?  easily  mi-asurvd  by  I*i>p- 
geudortl's  metlxnl.  An  elongation  of  -(HKHKHrJo  itiuld  Ix^  n'lulilv 
iletecti-il  in  thus  way,  but  as  he  found  none,  liloiullot  ooncludo  thai  the 
Jiypothesis  is  is  incorrect, — Lit  yiUurc.  C. 
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RESEARCHES  WITH  PROF.  HUGHES'  AUDIOMETER. 


Paper  read  before  the  Royal  Society  May  15,  1879, 

By  Benjamin  Ward  Richardson,  M.D.,  LL.D.,  F.R.S. 


Professor  Hughes  having  done  me  the  honor  to  show  me  first  his  newly 
invented  instrument  for  the  meiisurement  of  hearing,  and  having  supplied 
me  with  an  instrument  for  the  })urpose  of  testing  the  application  of  it 
for  physiological  and  practical  purposes,  I  have  been  enabled  to  make 
a  considerable  number  of  experiments,  on  which  I  venture  to  submit 
the  following  preliminary  report : 

The  instrument,  as  it  has  been  used,  is  before  the  Society.  It  con- 
sists of  two  Leclancihe's  cells  for  the  battery,  a  new  and  simple  micro- 
phonic key  connected  with  the  cells  and  with  two  fixed  primary  coils^ 
and  a  secondary  or  induction  coil,  the  terminals  of  which  are 
attached  to  a  telephone.  The  induction  coil  moves  on  a  bar  between 
the  two  fixed  coils,  and  the  bar  is  graduated  into  200  parts,  by  Avhich 
the  readings  of  sound  are  taken.  The  graduated  scale  is  divided  into 
20  centimetres,  and  each  of  these  parts  is  subdivided  into  10,  so  that 
the  hearing  may  be  tested  from  the  maximum  of  200  units  to  0° — 
zero.  The  fixed  coil  on  the  right  hand  contains  6  metres  of  wire ;  the 
the  fixed  coil  on  the  left  hand  contains  100  metres.  By  this  means  a 
long  scale  from  the  left  hand  coil  is  produced.  The  secondary  coil 
contains  100  metres  of  wire. 

In  using  the  instnunent,  one  Lcclanche's  cell  has  been  found  suffi- 
cient, as  a  general  rule,  but  two  have  been  used  in  instances  where  the 
hearing  of  the  person  under  test  has  been  very  defective.  The  Lec- 
lanche  cell  was  selected  by  Professor  Hughes  as  affording  a  reliable 
current  for  the  purposes  he  had  in  view,  and  for  standard  comparisons.. 
In  using  the  instrument,  the  induction  coil  is  moved  along  the  scale 
from  or  towards  the  larger  primary,  as  may  be  required,  and  the 
degrees  or  units  of  sound  are  read  from  the  figures  on  the  scale,  the 
sound  being  made  by  the  movement  of  the  microphonic  key  between 
the  battery  and  the  primary  coils. 

The  person  whose  hearing  is  being  tested  should  sit  in  an  easy  posi- 
tion, and  should  not  see  the  act  of  the  observer  in  moving  the  micro- 
phone key.     For  good  observation,  the  room  in  which  the  experiment 
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is  niatlc  sliouhl  Ix-  lar^e,  and  all  cxtiTiial  cjiuh-s  nf  sound,  snrh  as  tlic 
tickinj:;  of  clfK-ks,  tin;  vibrations  of  wimlows  and  <l«K>rs,  the  rnovintr  of 
feet  and  tin-  sin^in^  from  jT'L'*  j<'ts,  shotdd  Ik*  silcnt-c*!.  The  sitter 
sliould  close  the  car  that  is  not  ap|>lic<i  to  the  telephone  while  he  is 
listf-nin^  for  minute  .sounds,  and  should  irive  his  full  and  •■:ilm  attention 
to  th<'  pHK-eeclinj^.  Any  excitement  is  likrdy  to  lejid  to  error  when 
refined  mea-Mrtrnents  are  reijuirnl. 

The  instrument  may  he  c<jnsi(lered  t<»  atfnrd  the  m<»st  .s;itisfactorv 
mean.s  for  testin^r  the  hwirin^j  [>owor  of  all  jM-rsons  who  cjin  define  a 
a  sound.  The  nin^e  of  soun<l  is  sufficient  at  the  maximum — 20<)° — 
for  everyone  who  is  not  ahsolutelv  dejif,  0*^,  or  zen»,  is  a  |K>int  of  pw- 
itive  Hilenee  from  the  instrument,  or  nither  fmm  the  sound  wliii-h  it 
pnxhiees  throu<;h  the  t<'lephone. 

One  of  the  fii"st  facts  learne<l  with  the  audiomet^-r  is  the  suddeni-ss 
with  which  the  s(»und  is  lo-;t  to  thos<' who  are  listening:.  The  sound  is 
abruptly  lost  within  a  niiitre  of  *J^  ;  that  is  within  one-hundn-tlth  part 
of  the  entire  hiiIc.  This  is  the  {"ix^^^  with  those  who  an*  ver\'  «le:if,  as 
well  as  with  those  who  he:ir  rea<lily,  a  fact  oripinally  notic***!  I»y  Mr. 
Hughes,  and  which  I  have  (-orrolMtrateil  hy  fifty  s|»o<'ial  oK«Tvations 
<»n  difUrent  j)ersons  presentiu}^  jxjwers  of  liearinjr  which  vari*-*!  from 
200^  to  140°  as  the  extrem*'  limit  or  c:i|>acitv.  to  <-omplete  hejirinj^ 
through  the  whole  H-ale  down  to  zer«^».  Jn  thes<'  [x-rsons,  when  the 
olwervatif)n  was  taken,  under  the  striot<^t  jx»ssihle  (-onditions  for  sur- 
rounding silence,  the  point  Itetweeii  distinctness  of  sound  and  complete 
loss  of  it  was  not  mon-  than  one-hundr(.'<lth  part  of  the  *-ile. 

In  testing  the  cjipaeity  of  hearing;,  it  is  notieoahle  that  the  |M)w«'r  to 
detei't  the  diminishin<;  sound  is  maintaine<i  lK>st  hy  c«»ntimiin^r  the 
nHluction  in  tniceor  line  while  the  attention  is  tixetl.  A  sinlden  l>rc«k 
may  e:iuse  the  sound  to  he  lost  t<>  the  listener  lon^  liefon*  his  xva\  inca- 
jtai'ity  to  hear  is  reachinl.  Ir'.  for  instanc*',  the  s«tund  Im-  very  faintly 
heanl  at  l-')*^,  and  the  induction  coil  Ik-  suddenlv  mov«'<l  to  o"^,  the 
sound  at  '">-  mav  he  (piite  inaudihle  ;  hut  if"  the  ("oil  U'  slowlv  movitl, 
tutit  hy  unit,  from  15°  to  5°,  the  soun«J  at  5'^  may  Iw  «listinetly  he;ini. 
Mr.  Maitland  Tate.  C'.K.,  who  notic«>«I  this  |>oint  verv  mMrk<tl|y  in  his 
own  ause,  when  1  wjis  sul)mittin«r  him  t<»  ti-st,  comiKinHl  this  to  what  is 
observed  hy  the  senst*  of  si^ht  in  making  surveys.  The  eye  will  fol- 
low a  line  to  an  extreme  |>oint  with  e»)m|V!irative  re:idin(^<.  hut  if  it 
hn*ak  awav  from  it,  the  ohjeet  s<»<>ms  to  have  dis:ip|X':jreil. 

rhe  etlWt  of  filling  the  chest  anti  hoUling  the  hniith  makes  a  differ- 
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ence  in  listeners.  The  capacity  for  hearing  is  for  a  few  seconds 
increased  by  holding  the  breath.  Mr.  Tate,  who  could  hear  with  his 
right  ear  only  down  to  8°  under  ordinary  breathing,  could  hear  down 
to  5°  when  he  held  his  breath.  Another  gentleman,  who  could  hear  only 
down  to  100°  under  ordinary  breathing,  could  hear  to  80°  when  the 
breath  was  held  with  the  chest  full.  Holding  the  breath  with  the 
chest  not  full  fails  to  produce  the  same  result. 

As  a  rule,  the  hearing  of  persons  who  are  right  handed  is  most  refined 
in  the  right  ear,  and  as  most  persons  are  right  handed,  it  is  found  that 
the  right  ear  is  the  best  ear.  This  rule  is,  however,  attended  with 
many  exceptions,  since,  for  various  reasons,  some  persons  who  use  the 
right  hand  exclusively,  practise  for  some  particular  purpose  the  use  of 
the  left  ear,  upon  which  that  ear  becomes  more  acute.  Thus  five  phy- 
sicians, who  were  right-handed  but  who  had  accustomed  themselves  to 
use  the  stethoscope  with  the  left  ear,  could  hear  to  zero  on  that  side, 
but  had  lost  from  4°  to  5°  on  the  right  side.  Four  other  persons  who 
were  similarly  circumstanced  were  able  at  once  to  account  for  the  fact 
by  the  habit  they  had  acquired  of  listening  to  a  public  discourse  or  ser- 
mon from  the  left  side.  Another  point  of  interest  attaching  to  this 
observation  is  that  the  practice  of  using  one  ear  for  special  refinement 
of  the  sense  seems  for  the  time  slightly  to  impair  the  other  ear,  although 
there  is  no  physical  evidence  of  such  impairment. 

Connected  with  last-named  fact  is  another,  namely,  that  by  this 
instrument  the  deaf  are  found  to  fail  in  capacity  of  hearing  not  only 
by  reason  of  physical  defect,  but  also  by  failure  of  memory  of  sounds. 
Thus  in  a  youth  who  had  suffered  serious  defect  of  hearing  for  seven 
years,  owing  to  partial  destruction  of  the  tympanum,  and  who  in  the 
right  ear  could  only  detect  sound  at  107°,  there  was  an  inability  to 
catch  all  the  sound  lying  between  130°  and  107°  until  he  could  remem- 
ber what  he  had  to  listen  for.  By  practising  him  then  to  detect  the 
lowest  sound  that  he  was  physically  capable  of  receiving,  I  got  him  to 
detect  this  one  sound  more  readily  than  those  which  came  higher  up. 
By  further  practice  all  the  intervening  sounds  l)ecame  audible  with 
equal  facility.  These  facts  which  have  been  confirmed  by  another 
observation  on  a  different  person,  seem  to  me  to  indicate  that  deafness 
from  imparfeckion  of  the  tympanuiu  or  other  parts  of  the  organ  of 
hearing  may  be  increased,  beyond  the  mere  physical  failure,  either 
from  some  lost  power  of  automatic  adjustment  in  the  auditory  appara- 
tus, or  from  failure  of  receptive  power  in  the  cerebrum  itself,  so  that 


Aug-,  1879.]  Richardson — Audiometer.  113 

the  memory  niidcrcd  imperfect  Is  slow  to  assist  the  listener  until  \>y 
exercise  of  function  its  rcadjness  is  restorwl. 

Bv  the  uso  of  audiometer,  the  influence  of  atmospheric  i)rcs'*ure 
on  hearin*^  is  detectable.  In  my  own  case  when  the  barometer  is  at 
30°,  I  can  liear  on  both  sitles  close  down  to  zero,  but  below  30°  I  fail 
by  2°  on  the  left  side  to  reach  zero.  In  another  j)erson  a  similar  fail- 
ure extends  to  a  loss  of  4°. 

I  have  tried  to  determine  in  some  of  the  lower  animals  whether 
there  is  the  same  sense  of  hearing  as  in  man.  In  most  animals  it  is 
<liffi(ult  to  oittain  sufficient  (juietude  to  enable  the  (.bs<'rvt'r  to  pither 
from  expression  or  movement  of  the  animal  the  information  sought 
for.  In  two  dogs,  one  a  terrier,  the  other  a  field  spaniel,  I  suooee<led 
in  making  some  good  observations,  and  in  them  the  range  of  hearing 
}K)wer  seemed  to  bo  distinctly  lower  than  it  is  in  the  human  subjc*'! 
who  lias  perfect  hearing.  In  both  these  animals,  which  were  healthy 
and  in  the  prime  of  life,  the  first  in<lic:ition  of  the  detection  of  souml 
commenced  at  10°  ou  the  scsile.  The  d(te<'tion  was  evidcnce<l  by  the 
^uilden  expression  of  listening,  by  a  slight  change  of  |M>sition,  and  a 
.slight  dilatation  of  the  pupils.  This  detection  was  clearly  made  on  the 
instant,  as  if  the  sharp  line  or  hearing  were  the  same  in  them  a>^  it  i> 
in  the  higher  animal. 

1*|{A(TI«  AI.  MkMORANDA. 

1.  The  audiometer  will,  I  think,  be  an  ess<-ntial  in  all  j)hysi<':d 
•examinations  of  men  who  are  under};oin<r  examination  as  t«»  their  fit- 
ness  for  s|M'cial  servic<>s  requiring  perfect  hearing,  such  a<  s«»ldiers,  sen- 
tries, railway  officials,  and  the  like. 

2.  The  instrument  will  Ix-  of  great  use  to  the  physician  in  determin- 
ing the  value  of  hearing  in  those  who  are  deaf,  an<l  in  determining  the 
relative  value  of  the  two  org:ins  of  hearing.  In  one  instance,  alrt-tidy, 
I  have  been  able  by  its  means  to  dete<'t  in  a  person  who  w:ts  supjxise*! 
to  be  cfpially  deaf  on  both  sides,  that  on  one  side  the  hearing  is  iH'rfiH-t 
<'lose  uj)  to  zero,  whih^  on  the  other  side  nine-tenths  of  the  hearing  is 
lost. 

3.  In  other  forms  of  diagnosis  I  have  found  the  instrument  asofiil. 
In  a  young  person  suffering  from  aeute  anaemia  the  hearing  was  so 
deti'ctive  that  on  the  right  side  it  failcil  to  det^tt  sound  at  IS^,  and  on 
the  left  side  at  1 0°.  In  ten  day.-,  tluring  which,  under  a  new  regimen, 
great  improvement  took  place  in  strength  and   general   condition,  the 
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jK)wer  of  hearing  had  so  much  improved  that  the  right  ear  was  good 
down  to  12°,  and  on  the  left  to  3°  ;  an  improvement  of  6°  on  the  right 
and  of  12°  on  the  left  side. 

In  another  person  who  was  subject  to  repeated  vertigo,  the  giddiness 
occurring  three  or  four  times  a  day,  the  hearing  was  so  defective  that 
although  the  external  ear  on  each  side  was  clejir  and  the  tympanum 
natural,  no  sound  could  be  heard  below  30°.  Under  complete  rest  and 
attention  to  diet,  the  vertiginous  attacks  were  in  a  few  days  removed 
altogether,  and  with  that  removal  there  was  gain  of  hearing,  on  both 
sides  e(|ually,  up  to  5°  on  the  audiometric  scale. 

4.  The  instrument  may  be  used  to  differentiate  between  deafness 
through  the  external  ear  and  deafness  from  closure  of  the  Eusta- 
chian tui>e, — throat  deafness.  In  my  own  case  I  fail  to  detect  sound 
by  the  mouth  at  170°,  and  this  I  find  is  a  fair  average  in  those  who 
are  healthy.  It  represents  the  comparative  value  of  communication 
by  sound  through  the  Eustachian  auuil  and  the  external  ear. 

5.  The  instrument  promises  to  be  very  useful  in  detecting  the  effects 
in  the  body  of  those  agents  which  (piicken  or  excite  the  circulation, 
such  as  alcohol  and  other  similar  chemical  substances.  I  have  some 
observations  on  these  points  in  reserve  for  a  further  report. 

6.  The  instrument  promises  to  be  of  great  service  in  determining 
the  value  of  artificial  tympanums  in  instances  of  deafness  due  to 
imperfection  or  destruction  of  the  natiu'al  tym])anum.  The  cotton 
artificial  tympanums,  introduced  originally  by  the  late  Dr.  Yearsley, 
and  the  membranous  tympanums,  introducetl  by  the  late  Mr.  Toynbee» 
E.R.S.,  have  proved  of  much  service  ;  and  by  means  of  the  audiometer 
I  have  i^een  able  very  accurately  to  test  their  resijective  merits  and  to 
compare  both  with  tympanums  made  of  other  material.  The  inquiry 
lijis  led  me  to  test  different  metals  for  this  purpose,  and  to  find  in  fine 
gold  the  substiiUce  for  making  the  most  useful  and  effective  artificial 
drum.  The  Messrs.  Ash,  of  Broad  street,  have  made  for  me  various 
forms  of  gold  drums,  the  best  of  which,  perhaps,  is  a  little  cylinder 
which,  witli  other  forms,  is  placed  before  the  Society.  With  one  of 
these  cylinders  I  was  able  to  give  to  a  young  gentleman  who  had  lost 
hearing  on  the  right  side  n\)  to  110°,  from  destruction  of  the  tym- 
panum, an  instant  gain  doAvn  to  60°,  a  gain  of  50°  on  the  audiometric 
scale. 

In  this  preliminary  report  I  have  omitted  many  subjects  of  interest, 
but  I  hope  I  have  related  enough  to  show  that  the  world  of  science  in 
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general,  and  the  world  of  medicine  in  jyarticiilar,  is  under  a  deep  debt 
of  gratitude  to  Professor  Hughes  for  his  simple  and  l>eautiful  instru- 
ment, which  I  have  christened  the  audinictcr,  or  les**  eorn-i-tly  Imt  more 
euphoniously,  the  audiometer. —  I'/ir  7'e/tynijj/iic  JonriKtl. 


OKPREZ'S  ET.KCTKO-MAOXETK-  KXOIX?:. 


By  the  Count  du  Moncei. 


According  to  Count  du  Moncel,  writing  in  Ji<i  Lnmitre  ElednqnCy 
M.  Marcel  Deprez  has  succeede<^l  in  solving  the  problem  of  making  an 
electro-magnetic  motor  capable  of  doing  us<'ful  work  in  many  indus- 
trial applications.  \N'e  venture  to  doubt  whether  the  new  motor  «iin 
compete  with  even  a  water-motor  a'^  regards  e(x)nomy,  to  say  nothing 
of  gas  and  steam  engines;  but,  a-iording  to  Du  Moncel,  Doprez's 
apparatus  is  barely  eight  inches  lonu",  by  less  than  six  inches  in  breadth  ; 
it  weighs  about  i)},  pounds  and  can  su[)ply  a  j>ower  of  nciirly  eight  f(M>t- 
pounds  j)er  second  with  five  Bunsen  elements.  This,  siivs  Du  Moncel, 
is  really  an  extraordinary  result,  and  one  which  could  sc;ircely  have 
been  autic.ipate<l  a  few  years  ago.  Under  these  conditions  sewing 
machines  may  with  perfect  ea.se  be  worked  by  electricity  without  any 
(nunbrous  apparatus.  This  ingenious  system  consists  of  a  horsesh«K> 
magnet  of  eight  plates  5^  inches  in  length,  between  the  |)oles  of  which 
is  introduced  a  Siemens  armature,  acted  ujKm  by  the  magnet  over  a 
length  of  2J  inches.  Up  to  the  present  time  no  one  has  ever  thought 
of  (causing  magnets  or  ele<tro-magnets  to  a<-t  otherwisi*  than  by  their 
polar  extremeties,  and  all  the  engines  deviseil  hitherto  have  Ui-n 
arranged  on  this  principle;  but  M.  Marwl  Deprez,  thinking  that  under 
these  conditions  the  whole  of  the  magnetism  that  (^n  })riHluct'  a  mag- 
net was  not  utilized,  endeavi»retl  to  ejiuse  the  whole  of  the  suHieiently- 
magnetized  |K>rtions  of  the  magnet  engine  to  act  upon  the  mobile  sys- 
tem to  be  iiiHuenced  ;  that  is  to  say,  in  the  presi-nt  «ise,  the  branche;* 
of  the  magnet  nearly  uj)  to  the  neutral  line.  The  ekvtro-magnetic 
armature,  instead  of  bi-iiig  plac<Hl  transversely  to  the  magnet,  is 
arriniged  longitudinally  and  |»arallel  to  it.  Umler  these  conditions  the 
magnetic  j)ower  exerte<l  on  the  armature  is  found  to  1h'  considerably 
augmented,  ;ls  is  perceptible  from  tiie  ditliculty  exj)erien<-eil  in  pr«Kluc- 
ing  rotation,  and  this  increa.se  of  force  may  give  an  itlea  of  the  consid- 
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erable  advantages  presented  by  this  system  of  motor,  which  works  by 
the  effect  of  successive  reversals  of  the  current.  Everybody  knows 
the  Siemens  armature ;  it  is  a  kind  of  galvanometer  frame,  of  which 
two  sides  constitute  the  two  poles  of  a  straight  electro-magnet  with  a 
flat  core,  broader  than  it  is  long,  upon  which  the  wire  is  wound.  The 
axis  of  this  electro-magnet  is  parallel  to  the  coils  of  wire  in  the  mag- 
netizing helix,  and  consequently  to  the  arms  of  the  magnet.  At  one 
•end  it  carries  a  reversing  commutator,  and  at  the  other  end  it  is  pro- 
vided/with a  pinion  which  gears  into  a  wheel  of  which  the  diameter  is 
thirty  times  greater.  When  the  apparatus  is  properly  regulated,  the 
armature  makes  ninety  revoluti(ms  per  second,  and,  consequently,  the 
wheel  which  it  acts  upon  makes  three  revolutions.  It  is  upon  the  axis 
of  this  wheel  that  are  fixed  the  ])ulleys  transmitting  the  movement, 
and  by  which  the  engine  is  caused  to  work  either  a  sewing  machine  or 
any  other  ap])aratus  which  is  to  be  set  in  movement.  In  order  to  ren- 
der the  working  of  the  apparatus  perfectly  uniform,  M.  Marcel  Deprez 
has  adaptetl  to  it  an  extremely  ingenious  regulator,  the  action  of  which 
is  very  efficacious.  It  is  a  sort  of  spring  fixed  by  one  of  its  extremi- 
ties to  one  of  the  ends  of  the  armature.  By  means  of  a  screw,  a  ten- 
ii\on  suitable  for  any  given  velocity  of  the  engine  is  given  to  the  spring. 
The  transmission  of  the  current  from  the  commutator  to  the  wire  of 
the  armature  is  effected  without  difficulty  by  this  spring,  as  in  the  case 
of  all  frictional  contacts ;  but  when  the  velocity  is  greater  than  that 
which  is  requisite,  centrifugal  force  is  brought  into  action,  and  the  mass 
of  the  spring  causes  it  to  fly  off  and  to  break  the  circuit,  whence  results 
a  slackening  of  the  speed,  and  then  the  completion  of  the  circuit,  which 
is  again  broken  when  the  velocity  again  becomes  too  great.  These 
alternations  are  so  rapid  when  the  electric  power  is  somewhat  higher 
than  is  strictly  necessary,  that  a  continuous  spark  is  seen  at  the  com- 
mutator where  the  regulating  spring  is  in  contact  with  it.  Nothing 
oan  be  simpler  than  this  little  apparatus,  which,  as  at  present  con- 
structed, may  be  of  great  service.  Its  force  may  be  estimated  by  try- 
ing to  stop  the  pulley,  the  diameter  of  which  is  nearly  four  inches. 
AVith  five  Bunsen  elements  at  work,  this  stoppage  can  be  effected  only 
with  great  difficulty;  whereas  with  the  ordinary  electro-magnetic 
engines  it  is  easy  to  produce  a  stoppage  by  pressing  a  little  upon  the 
axis  of  rotation.  Count  du  Moncel  does  not  say  what  is  the  cost  of 
five  Bunsen  elements,  nor  where  they  are  to  be  placed  when  employed 
in  working  a  sewing  machine  in  a  lady's  boudoir. — English  Mechanic. 
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hevp:r.sal  of  motion  withoit  gear.^  or  belts. 


EflUor  JoHi'tidl  Fnmklin  IiiMtitiih.- 

Dear  8rii — I  note  on  paj^o  417  of  your  i.sHue  for  June,  as  a  tran.sla- 
tioii  from  a  French  j«mrnal,  a  description  of  an  allcgetl  invention  of 
M.  Hounlon  for  ''reversing;  motion  witliout  g;ejirs  or  lx.'lts."  Just  how 
old  tiie  methfxl  deserihed  may  Ik'  I  am  not  aware;  Init  the  first  pul>- 
lishe<l  iKcoiiiit  of  it,  within  my  knowh^lj^e,  Ih  contained  in  :ui  ilhis- 
tr.itc<l  work  ptihlishnl  at  Lvons  in  1719,  which  pur|)ort.*i  to  Ix*  a 
(h'scription  of  the  m<Hl('ls  containcKl  in  the  ciihinct  of  M.  (Jroher  de 
Serviere,  hy  his  gran<l.son;  this  would  probably  plac<'  the  date  of  the 
inv<'ntion  (if  orijjinal  with  M.  (I.  S<rviere)  somewhere  alxmt  16o<^). 
In  the  work  name<l  it  is  shown  a.s  communitating  motion  fmm  a  hori- 
/xjntal  cnuik  shaft  to  a  crank  on  the  axi.s  of  a  submerged  rotarv  pump. 
Further,  the  device  claime<l  jts  M.  liourdon's  invention  wa.s  u.se<l  in  the 
s<!cond  pumping  engine  ere<'te<l  (in  1H57,  I  think)  for  the  supply  of 
water  to  the  ( 'ity  of  Ciiic:igo.  In  this  particular  atse  the  motion  wa** 
transniitteil  from  an  errmtrir  on  the  main  shaft  U>  a  cnink  on  the  end 
of  a  revolving  shaft,  on  whi<'h  w«'re  the  cjims  for  actuating  the  valves 
of  the  engine.  The  sime  ariimgement  wjts  rejK'ateil,  with  slight  motli- 
fication,  in  a  pair  of  pumping  engines  built  for  the  .same  city  alxmt  ten 
years  pul>se<(uently.  I  think  the  al>ove-name*l  engines  were  constructed 
at  the  AHaire  works,  New  York. 

Verily,  such  claims  as  th«jse  of  M.  Hourdon  ntall  the  saying  of 
Chaiurr:  "Oute  of  olde  lMM)kes  come  all  this  new  jcnowledge  that  men 
lere."  Yours  trulv, 

W.    F.   DlRFEE,  C.E. 

Iiri(lf/rf)orf,  Conn. 

Photographic  Transit  Measurements.— M-  Cornu  has  Uhh 
investigating  the  In-st  theoreti«':d  conditions  for  me:Lsuring  the  photo- 
graphs of  the  tnuisit  of  Venus,  with  esjK?<'ial  ret'erenci^  t<»  the  micn>- 
metric  determination  of  angular  distances.  From  Mouchez's  photo- 
gmphs  he  de<luces  a  value,  for  the  sum  of  the  radii  <»f  the  sun  and 
Venus,  which  «lit!ers  from  the  value  in  the  Cutmaitwance  dftt  T*^np* 
by  less  than  1  of  1  j>or  cent.  This  indicates  a  |x»ssibility  of  determin- 
ing the  sun's  distan(v,  in-  photographic  ol»s<r  vat  ions,  within  ^^  of  1 
jH?r  cent.,  or  within  less  than  100,000  miles. — Comptcs  lienchu.     C. 
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GJERS'  IMPROVEMENTS  in  MAKING  IRON  and  STEEL. 


Among  the  processes  recently  patented  in  connection  with  the 
dephosphorization  of  iron,  that  of  Mr.  Gjers,  of  Middlesbrough,  is  sure 
to  attract  attention.  In  the  Bessemer  process,  as  at  present  carried  on 
for  the  manufacture  of  steel  and  ingot  iron,  the  slag  which  is  all  formed 
in  the  early  part  of  the  blow  from  the  oxidation  of  the  silicon  and 
some  of  the  other  impurities  in  the  original  pig  iron  is  allowed  to 
remain  in  the  converter  until  the  end  of  the  process,  and  is  continually 
being  agitated  and  mixed  up  with  the  purified  product.  Experience 
has,  according  to  Mr.  Gjers,  shown  that  it  is  not  usually  practicable  to 
stop  the  process,  as  theoretically  should  be  done,  at  the  point  when  the 
desired  percentage  of  carbon  still  remains  in  the  steel ;  and  the  reason 
is  chiefly  that  the  tenacious  silicious  slag  does  not  separate  readily  from 
the  steel,  but  more  or  less  contaminates  it,  and  that  when  the  charge 
works  extra  hot  some  of  the  silicious  slag  formed  at  first  is  even  decom- 
posed by  the  subsequent  carbon  flame,  and  causes  some  silicon  to  remain 
to  the  end,  rendering  such  steel,  if  it  is  attempted  to  tap  ofif  before  all 
the  carbon  is  expelled,  unworkable  and  of  bad  quality.  The  conse- 
quence is  that  more  or  less  overblowing  is  resorted  to,  which  again 
involves  the  use  of  spiegel  or  ferromanganese  for  the  threefold  purpose 
of  deoxidizing  the  charge,  rendering  the  slag  more  fluid  so  as  to  thor- 
oughly separate  it,  and  restoring  the  desired  quantity  of  carbon. 
According  to  the  invention  patented  by  Mr.  Gjers,  as  soon  as  all  the 
slag  has  formed,  and  before  or  about  the  time  when  the  carbon  flame 
distinctly  appears,  the  converter  is  turned  down  and  the  whole  of  the 
slag  removed.  The  converter  is  then  turned  up  and  the  blow  continued 
as  usual  until  the  carbon  is  exhausted.  Spiegel  may  then  be  added, 
but  the  patentee  prefers,  and  is  enabled  through  the  absence  of  con- 
taminating slag,  to  finish  the  process  before  the  whole  of  the  carbon  is 
exhausted,  and  thus  is  able  to  produce  a  good  and  workable  quality 
without  the  addition  of  spiegel.  But  where  it  is  desirable  to  have  a 
small  quantity  of  manganese  in  the  steel,  he  adds  the  desired  quantity 
in  the  shape  of  rich  ferromanganese  in  the  solid  state.  In  treating  pig 
iron  containing  phosphorus  he  prefers  to  use  a  neutral  or  basic  lining 
chiefly  constituted  of  alumina  or  lime,  which  linings  are  now  well 
known.     He  then  charges  with  the  fluid  iron  in  the  converter  from  10 
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t^)  20  per  cent.,  according  to  the  amount  of  |)h«*sphoru.s  and  silicon  the 
pif;  iron  contiiin.s,  of*  hasic  material,  a  mixture,  say  of  o<)  jht  cent,  lime 
and  30  per  cent,  of  rich  oxide  of  iron  (hy  preference  magnetic),  and  20 
per  cent,  oxide  of  man^mcric,  or  other  pro]M)rtion  of  this  or  other  l)asic 
material  ralculat^nl  to  form  a  fusil)lc  slajr  with  the  silica  forme<l  hy  the 
oxidation  of  the  silicon  in  the  \)\\f  iron,  and  blow  its  alxtvc  explaine*!. 
The  whole  or  the  j^reiiter  part  of  the  ph<»sph(irus  will  Ix;  found  to  have 
left  the  iron  an<l  ^oin-  into  the  sla^.  In  lieu  of  rem<»ving  the  slag 
from  the  converter  hy  simply  turning  down  and  raking  it  otf,  it  may 
in  practiw  be  found  convenient  to  |M)ur  the  metal  out  of  the  converter 
into  a  la<lle,  keeping  the  slag  hack,  and  then  to  empty  the  slag  out  of 
the  converter  and  return  the  clean  metal  to  the  converter;  or  the  |Kir- 
tially  blown  metal  and  the  slag  may  be  poiiretl  int<)  a  ladle  having  a 
bottom  plug,  and  the  metal  returned  to  the  converter  through  the 
bottom  hole,  leaving  the  slag  in  the  ladli'.  Mr.  CJjcrs  does  not  claim 
the  use  of  a  l)asic  lining,  or  tiie  adding  of  b;isi«'  material  to  the  charge 
in  the  converter,  either  separat^'ly  or  conjointly,  but  he  elaints  a.<  his 
invention  n-moving  the  shig  in  the  IJessemer  pr<H-es-^  l>cfore  or  aUnit 
the  appearance  of  the  carbon  tlamc,  and  sul>s<'<piently  completing  the 
blow.  — English  Mechanic. 


BEET  ROOT  SUGAR. 


The  Hucccssful  manufa<tur<'  of  l)eet  sugar  in  Europe  is  one  tif  the 
jnost  surprising  industrial  achievements  of  the  nineteenth  cs'utury. 
It  may  l>e  said  to  have  gnnvn  up  within  the  mcmor\'  of  mk'u  n«»w 
living.  For  although  in  ITHo  the  i'russian  chemist  Achanl  pn-x-ntol 
sevend  loaves  of  refined  U'et  sugar  to  the  King  ot'  Prussia,  the  enter- 
prise w;is  at  once  diseouragc<l  and  aband<tiHil.  It  wa-<  n-newt-tl,  in 
France,  in  1810.  In  1814  it  iKgan  to  Hourish,  and  in  l82o  1- Vance 
protlutxxl  5000  tons  of  beet  sug.u-.  In  18.37  tJie  pnMluction  luid  gn»wn 
to  4U,0(M)  tons,  Hy  that  time  it  In-gjin  to  attract  attention  in  the 
United  States.  In  that  year  Mr.  Samuel  Blackwell.a  sugar  refiner  o( 
Bristol,  England,  who  had  movj^l  to  New  York  in  18.32,  and,  in  omi- 
nection  with  English  c:ipitalist>.  had  put  up  in  183o  the  Mrst  stesun 
sugju"  retincry  with  va<-uum  pans  ever  ere«'tetl  in  Ameri)-:!.  made  S4»nie 
<'xcellent  loaf  sugar  trom  Inrl^  raisctl  by  him  in  his  ganlen  at  .lcrs4'y 
City  from   im|H>rtc^Hl  M-etl. 

Convince<l  by  this  ex|)eriment  that  Invt  sugar  i"ould  Ik'  profitably 
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made  by  free  labor  in  the  United  States,  in  competition  with  the  West 
Indies  and  Louisiana,  Mr.  Blaekwell  moved  to  Ohio  in  1838  for  the 
purpose  of  engaging  in  its  manufacture,  but  died  a  few  weeks  after- 
wards. Mr.  David  Lee  Child,  a  little  later,  attempted  its  production 
in  Northampton,  Mass.,  and  reported  favorably,  but  failed  to  make  it 
profitable.  In  1861  ^Ir.  E.  T.  Gamert  attempted  it  on  a  larger  scale 
in  Ciiatsworth,  111.,  but  was  unsuccessful.  Small  factories  have  worked 
with  moderate  success  in  Freeport,  111.,  and  in  Fond  du  Lac,  Wis., 
but  have  ceased  to  exist. 

In  California  several  factories  have  attained  a  certain  measure  of 
success.  But  these  experiments  have  all  been  made  with  insufficient 
capital,  and  on  a  scale  too  small  for  profit.  The  great  difficulty  ha» 
been  the  want  of  sufficient  beets  at  reasonable  prices,  their  cultivation 
being  almost  unknown  to  American  farmers.  But  during  the  last  half 
century  Europe  has  steadily  developed  the  beet  sugar  industry.  From 
5000  tons  of  sugar  in  1825,  the  annual  product  has  become  1,500,000 
tons,  worth,  at  our  present  low  scale  of  prices,  about  two  hundred 
million  dollars  a  year.  More  than  one-third  of  all  the  sugar  used  in 
the  world  is  now  made  from  beets.  Indeed,  the  progress  of  the 
industry  is  such  throughout  Continental  Europe  that  it  is  predicted 
cane  sugar  will  at  no  distant  date  cea-se  to  be  used  there. 

In  view  of  these  fiu;ts,  and  of  the  vast  sums  annually  paid  by  the 
Unite<l  States  for  sugar  and  molasses — amounting  to  about  one  hundred 
million  d<)llai*s  per  annum — the  question  arises.  Why  should  not 
America  make  her  own  sugar  from  beets?  Everybody  knows  that  the 
beet  grows  luxuriantly  in  our  soil  and  climate.  The  root  contains  as 
much  sugar  here  a.s  there.  Against  the  cheap  labor  of  Europe  we 
have  the  advantages  of  chein)er  land  and  cheaper  fuel.  Our  farmers 
sell  yearly  to  Europe  other  agricultural  products — wheat,  corn,  cotton,, 
cattle,  cheese,  ete.,  amounting  to  millions  of  dollars.  Our  sugar  refiners 
are  unequaknl  in  skill  and  ability.  Sugar  is  refined  to-day  more 
cheaply  in  America  than  in  Europe.  Why,  then,  do  we  not  make  our 
sugar?  The  answer  is  simply  this :  Everything  must  have  a  beginning,. 
This  is  a  new  industry,  unknown  to  the  farmers  who  settled  America. 
There  is  a  great  practicid  difficulty  in  changing  an  established  system. 
Sugar  is  protluced  so  cheaply  by  slave  labor,  and  is  imported  on  so 
large  a  scale,  that  it  can  only  be  profitably  made  on  a  great  scale  and 
with  costly  machinery.     No  capitalist  will  invest  one  hundred  and  fifty 
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thou.S5iM<l  dollars   in    machinery  to  work  IxKits  that  do  not  exist.     No 
fanners  will  raise  heets  until  a  siij^ar  factory  is  ready  to  hiiy  them. 

This  almost  impiussahh!  }:;a|)  lx.'tween  the  cjipitalist  who  auinot  rai.se 
the  beets  and  the  fann<  r  who  cannot  make  the  sugar,  ha.s  at  last  Ix^en 
])ridj;(Ml  hy  the  Maine  lieet  Sugar  (Company,  which  Utst  year  made 
IH.'JjOOO  j)ounds  ol"  heet  sugar,  is  now  erecting  the  Ixist  Enntpean 
machinctry,  and  h:Ls  contracted  with  ITOO  farmers  for  1250  acres  of 
sugar  \)in'ts.  Under  the  stimulus  of  a  St^ite  hoiuity  of  one  c«'nt  j>cr 
pound  on  the  sugar  pnnluced,  this  company  hits  lease<l  the  Forest  City 
Sugar  Refinery  in  Portland,  Me.,  for  the  fall  and  winter  months,  and 
ha.s  expended  a  large  sum  in  additional  machinery.  Next  fall  there  is 
reiison  to  b(!lieve  that  the  experiment  of  making  l)cet  sug:ir  in  America 
will  he  fully  and  fairly  trieil  in  Maine.  Indeeil,  the  (piestion  will  Ixj 
reduced  to  this:  "Can  IxKits  be  raised  by  Ameriaui  farmers  in  <[uanti- 
tics  and  at  j)rices  which  will  justify  their  conversion  into  l)i'ct  sugar?" 
The  result  of  the  experiment  will  be  awaited  with  general  interi-st. — 
Boston  Advertiser. 


ON  THE  USE  OF  DETERMINING  SLAG  DENSITIES  IN 

SMELTING. 


By  TiroNfAS  Macfahlank. 

A  piiper  rt-ad  at  tlu*  PitU<bur>;h   Mivtiiit,'  of  the  .Vnifrican   Institute  of  Mining 
Kngineora,  May,  1^79. 


In  smelting  copj)er,  lead  and  silver  ores,  it  is  scarcely  jx>ssil)le  in 
every  case  to  make  analyses  of  the  various  parcels  of  ore,  with  the 
view  of  combining  these  and  the  fluxes,  so  accurately  as  to  yield,  in 
the  furnace,  slags  of  exactly  the  miwt  favorable  conijxtsition.  This  is 
oven  more  difticult  with  ores  which  re<piire  j)revioiLS  c:ilci nation,  or 
with  matt<^  which  have  been  roasted  in  heaps.  Even  in  csu^^  where 
the  greatest  pains  have  been  tiikeu  and  the  njost  olalwrate  cjilculations 
made  beforehand,  it  frcijuently  happens  that  variations  in  the  working 
of  the  furnace  interfere  with  the  residt  so  much  dcsire<l.  (ienenillv, 
the  practical  metiillurgist  nuist  l)o  content  with  ascertaining  the  aver- 
age composition  of  his  ores  and  fluxes,  making  a  calculation  once  for 
all  as  to  the  most  advantageous  mixture,  an«l  leaving  slight  changes  in 
its  comjK)sition  to  Ix'  taken  aire  of  as  it  is  passing  through  the  furnace. 
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The  various  products  then  afford  him  the  best  material  whereon  to 
base  his  judgment  as  to  the  manner  in  which  his  smelting  mixture  and 
the  furnasce  are  working.  Of  course  the  character  of  the  slag  is  one 
<j>f  his  chief  guides,  but  it  is  not  always  possible  from  its  outward 
eharacters  alone  to  form  a  correct  judgment  as  to  its  composition. 
Neither  Avould  it  be  possible  or  practicable  to  apply  chemical  analysis 
for  this  piu'pose,  as  it  would  be  impossible  to  wait  for  its  results  while 
irorking  a  foi'nace. 

Abich  vfoHy  I  believe,  the  fii'st  to  point  out  the  relation  existing 
letween  the  comjwsition  of  volcanic  rocks  and  their  densities,  and  to 
sto^v  that  the  latter  being  ascertained,  very  correct  conclusions  might 
be  drawn  as  to  their  content  of  silica.  The  general  rule  is  that  the 
most  siliceoiK>  rocks  are  the  lightest,  and  the  most  basic  have  the 
highest  specific  gravity.  It  occurred  to  me  that  by  determining  the 
density  of  slags  it  might  be  possible  to  judge  more  accurately  of  their 
nature  than  by  observing  merely  their  superficial  appearance.  This 
plan  was  first  applied  at  the  Wyandotte  Silver  Smelting  and  Refining 
Works  in  September,  1877,  when  siliceous  silver  ores  and  galenas  from 
Gteorgetown,  Colorado,  were  being  treated.  Mr.  F.  H.  Williams 
determined  the  following  densities  and  silica  contents  of  the  slags  from 
these  ores  t 

Density.  Per  cent.  vSiO^. 

3-44  .  .  .  .  37-6 

3-48  .  .  .  .  36-35 

3-50  ..  •  .  .  36-3 

3-51  ....  35-8 

3-56  ....  35-15 

3-57  ....  33-90 

3-63  ....  31-15 

3-88  ....  30-40 

In  July  and  August,  1878,  Mr.  S.  B.  Wight  made  the  following 
examinations  of  three  slags  from  one  and  the  same  smelting  campaign 
during  which  Western  ores  were  being  treated : 


Sp.  gr. 

Per  cent.  SiOj. 

AI2O3. 

FeO. 

CaO. 

3-47     . 

.     35-05     . 

Undetermined. 

31-51     . 

15-77 

3-52     . 

.     32-56     . 

a 

37-70 

.     14-68 

3-60     . 

.     31-96     . 

a 

36-97     , 

,     12-71 

The  gradual  increase  of  density  as  the  silica  decreases  in  both  these 


;J4-67 

14-85 

39(>4 

7-54 

Aug.,  1879.]  Mtvcfarlane — Slay  DeixtitifM  in  Sineliing.  12.3 

writ's  of  exuininutiotiH  will  Ix-  a|>|>urciit.  lint  tin*  rule  is  not  al*«)Iute, 
ujhI  \h  only  applicublt'  where  the  n?lative  <juuntity  of  the  <lill"en'nt 
lia.s<'S  in  a  .sla^  remains  the  same.  In  snu-ltin;;  ferru^inoiLs  <»re>  an<l 
lead  and  eoj)|Mr  mattes  the  (juantity  of  protoxide  of  iron  in  the  sla^ 
in  proportion  to  the  oth<r  IniscH  in  aHUaily  greater,  and  thiii  increaao 
the  den.-itv,  althoii^^h  the  {K'n-^-nta^e  of  siliea  may  remain  the  Kime. 
A  shij;  from  smelting  lejul  matte  gave,  on  examination  hy  Mr.  S.  H. 
Wight,  a«  followH: 

SjKioifie  gnivity,  .  .  .       .'J*65 

Silica,  .... 

Alumina, 

Ferrou.«  oxide, 

ijime. 

If  this  example  i.s  eonipare<l  with  the  first  in  the  la8t-mentione<i 
series  it  will  Ik-  found  that  an  increxst*  of  7')'^  |K'r  (rnt.  in  th«-  ferr^a-* 
oxide,  while  the  silii-:i  remains  n«':irly  the  s;une,  cause's  a  e«jnsideral)le 
inereas<'  in  density.  The  following  detcrminatioas  are  further  gen- 
4'ndly  illustrative  of  th«'  increitse  of  density  in  slags  rf^  their  per- 
t-entuge  of  siliea  deereitsc-jj : 

When?  produced.                                 Sp.  p-.  SiO,.  Al,<),.     FH  >.     (•(>. 

Iron  Hlivtt    Fiiriia<t',  Wy.itnlotte,                       '2"H.')     .W  l'n<le(rmun4?<l. 

CopiKT  Works,  iMroit,  .     304     U:\\      26-22      27-W 

(J«rniania  WorlcH,  I'toh.                                     381     2801  Und.     4^1U     1*2-37 

Eurvku  ConiM)Iidated  Works.  Nev»il»,        .     4  1«     •26-47  "         6162       2-73 

Wyim.lotio  Rolliii>(  .MilU  ("heating  dlaK*'),    429     25-4i»         "         75*06      

Some  of  these  determinations  are  by  Dr.  Hermann  Halin,  others 
hy  Mr.  S.  H.  Wight. 

In  prattic.iUy  making  use  (»f  the  slag  densities  for  rt'gulating  tJie 
smelting  at  Wyandotte  Silver  Smelting  and  liefining  Works,  ,IolIv*s 
spring  l)alan<v  (des«TilHHl  at  page  •"){)  of  Hru«ih's  Ddmniiuitivf  Mint- 
rnhuiii)  was  found  of  great  servi»x'.  Five  mimites  only  are  iL««e»I  in 
making,  hy  its  use,  two  determinatioiL<<  of  the  density  of  a  shig,  ami 
then  it  is  found  easy  to  <leci«le  whether  any  change  in  the  smelting 
charge  is  ni^H'ssjirk'.  The  smelting  of  on'  gtx's  on  rcgularlv  and 
cleanly  when  the  sjHvifi<'  gravity  «>f  the  shig  is  kept  Ix-twecn  3«>  ami 
38.  Water-jacket  furna<x'«  an*  a-iwl,  with  six  tuyeres,  ami  a  height 
from   thi'sc   to   the  el»arging-tK»or  of    1*2  fj'ct.     The  crucible  uf  each 
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furnace  is  1 8  inches  deep,  and  furnished  with  a  tapping-hole  at  the 
bottom,  besides  the  usual  "  lead-well"  and  slag-spout.  The  tapping 
occasions  no  difficulty,  and  so  long  as  the  slag  is  not  allowed  to  become 
too  heavy  no  incrustations  are  deposited  in  the  furnace,  which  is  easily 
cleaned  out  at  the  end  of  each  campaign.  The  charging  is  managed 
in  the  following  way :  The  smelting  mixture  is  made  up  of  ore  and 
fluxes,  and  is  calculated  to  yield  a  slag  containing  32  per  cent,  silica.. 
The  slag  necessary  to  keep  the  charge  open  is  added  separately  in  the 
proportion  of  about  one-third  of  the  smelting  mixture.  The  slag 
used  is  unclean  slag  from  previous  campaigns  and  puddling  slag  or 
heating  slag  [frischschlacke)  from  the  rolling  mills.  When  the  fur- 
nace yields  a  slag  of  greater  density  than  3'8  the  proportion  of  roll- 
ing-mill slag  is  decreased.  The  latter  is  on  the  other  hand  increased 
when  the  slag  produced  is  lighter  than  3*6.  By  ascertaining  the 
specific  gravity  of  the  slags  frequently,  and  altering  the  charge  in 
the  manner  described,  the  furnac&s  are  found  to  work  regularly  and 
satisfactorily. 

It  is  not  supposed  that  the  exact  figures  above  given  will  be  found 
of  great  value  in  other  smelting  works,  or  that  by  attending  only  to 
the  composition  of  slags  in  smelting  it  will  be  possible  to  do  the  best 
of  work.  The  metallurgist  has  very  many  points  to  consider  at  one 
and  the  same  time  while  conducting  smelting  operations,  and  the  object 
of  this  paper  is  merely  to  direct  his  attention  to  one  of  these  points 
and  to  indicate  a  mode  of  ascertaining  approximatively  the  amount  of 
silica  in  slags  with  comparative  ease  and  accuracy. 


Transformations  of  Nervous  Phenomena. — In  reviewing  the 
affections  and  the  nervous  phenomena  which  are  propagated  by  a  tnuis- 
rai.ssion  and  a  transformation  of  motion,  from  simple  yawning  to  epi- 
lepsy, fascination,  panic,  etc.,  J.  Rambosson  formulates  the  following  gen- 
eral principle :  A  purely  physical  movement  may  be  transformed  into  a 
physiological  and  into  a  psychic  or  cerebral  movement  by  simple  trans- 
mission to  special  portions  of  the  sy.stem,  and  reciprocally,  a  psychic 
movement  can  be  transformed  into  a  physiological  and  into  a  physical 
movement  by  simple  transmission  to  a  different  portion  of  the  system, 
and  that  without  losing  its  character ;  for  it  reproduces  the  same  phe- 
nomena, after  all  these  transmissions  and  transformations. — Compte» 
Rendus.  C 
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NOTE  ON  THE  WEAR  OK  AX   IliOX   KAIL. 


By  W.  E.  C.  C<»XE. 

A  paper  read  at  the  Pittsburgh  meeting  of  the  American  In.4titute  of  Mining 
Kngineers,  May,  1879. 


At  a  meeting  of"  tlie  Institute  in  Philiidfljiliia,  in  June,  1870,  it  \\'X» 
my  })l«5Lsure  to  reatl  a  pajKir  on  the  "  Manufacture  and  Emluranee  of 
Iron  Riiils."  I  then  sjM)ke  of  some  trial  rail.s  wliieh  hjul  iKt-n  j)la<vd 
in  the  (h)\\'n  truck  of  the  Philadelphia  tt  Roadinj;  liiiilroad,  over  whi«-h 
|>a.sse<l,  in  a<ldition  to  merchan<lise  and  inussengers,  most  of  the  heavy 
<'oal  traffic  of  that  eonjpany.  One  of  these  mils,  made  at  the  Phila- 
<lel|>hia  <S:  Reading  Rolling  Mill  in  1870,  an<l  then  plan-d  in  the  track, 
wan  removed  in  187G,  after  having  carried  al>out  oO,(MX),OOU  gross 
toiLs,  and  was  on  exhihition  at  the  Centennial 
E.xhihition.  A  piece  of  this  worn  rail,  twisted 
cold,  was  also  shown  there.  One  of  tlu'  .same 
series  of  rails  was  allowed  to  remain  in  the 
track  until  1878,  and  short  se<'tions  of  this  rail, 
as  well  as  one  not  worn,  to  show  its  original 
shape,  are  j)rtisentc«l  for  y(»ur  insjKxtion.  A 
compari.son  of  the  two  will  show  that  tin*  t4>p 
/^"^  ^'*'   ^''^'   '"''1*^  '"*  tread    has  worn   down  ^'^^ths  of 

an  inch  durinj;  its  nine  vwirs  t»f  .servi(v.  It 
«irrie<l  in  that  time  67,(KX>,()(M)  gross  tons  of  freight,  passengers,  <"ars 
and  engines.  This  rail  was  made  in  the  iLsual  way  of  manufacturing 
iron  rails  at  the  Philadelphia  it  Reading  Rolling  Mill.  The  head  was 
made  from  pu<l«lleil  iron  hars,  piKnl,  heutitl  and  rolUtl  into  hars  4^ 
and  'I  inches  wide  by  1  inch  thick,  these  Iwirs  breaking  joints,  heated 
and  rollcil  into  slabs  9  inclus  wide  and  2  inches  thick;  the  iKilamv  of 
the  rail  pile,  which  is  in  se<'tion  l>  inihes  .s<juare,  was  made  of  4^  and  3 
inch  bars,  rolletl  from  two-thinls  old  rails  antl  onc^thinl  jjuddleil  in>n. 
This  was  hwitetl  and  bl(M)me<l,  and  then  reheateil  U'fore  rolling  in  two- 
Jiigh  rolls  into  the  finishetl  rail. 

The  ti'st-piii'crs  from  the  head  bar  of  this  rail  gave  a  tensile  stn'ngth 
of  G3,C)00  jMjunds.  The  borings  from  the  lu-atl  of  the  worn-out  rail 
.analyzed  as  follows: 


^ 
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Phosphorus,     . 

,                 , 

•422 

Carbon,    . 

. 

•027 

Silica, 

,                  , 

•392 

Sulphur,  . 

•                  • 

•032 

Manganese, 

. 

•164 

Iron, 

. 

98-963 

100-000 
In  making  comparisons  of  the  endurance  or  Avearing  qualities  of 
iron  and  steel  rails  only  the  best  of  each  kind  should  be  taken,  aud  the 
difference  will  not  be  nearly  as  great  as  has  generally  been  assumed. 


BOILER  EXPLOSION. 


A  very  disastrous  explosion  of  a  steam  boiler  occurred  on  the  morn- 
ing of  June  27th,  1879,  attended  with  the  loss  of  life  of  the  engineer 
and  of  a  woman  and  two  children,  occupants  of  a  house  near  the 
boiler  house.  The  scene  of  the  disaster  was  the  planing  mill  of  A. 
Wilts  &  Son,  Nos.  721  to  727  North  Front  street  in  this  city,  where 
the  boiler  was  in  use  for  furnishing  steam  for  the  motive  power  (per- 
haps some  120  horse-power  actual)  of  the  planing  mill. 

The  boiler  itself  was  what  is  known  to  boiler  makers  in  this  vicin- 
ity as  "  a  double-decked  boiler,"  consisting  of  a  lower  horizonal  cylin- 
der, four  feet  six  inches  in  diameter  by  twelve  feet  long,  having  71 
tubes,  three  and  a  half  inches  in  diameter,  spaced  about  one  inch 
apart,  thus  filling  this  cylinder,  except  about  four  inches  of  water 
space  and  a  man-hole  space  below  the  tubes  completely.  This  lower 
cylinder  was  connected  by  four  necks  each  one  foot  in  diameter  by  about 
one  foot  long  to  an  upper  cylinder  three  feet  six  inches  in  diameter  by 
fifteen  feet  long,  over  dished  ends,  and  this  again  was  joined  by  twO' 
necks,  each  one  foot  in  diameter  by  about  one  foot  long,  to  another  cylin- 
der or  steam  drum  two  feet  in  diameter  by  eight  feet  long  over  all. 

The  lower  water  line  was  supposed  to  be  midway  on  the  second  of  these 
cylinders,  with  gauge  cocks  (two  above  low  water)  about  three  inches 
apart.  The  boiler  was  made  ten  years  since  by  Hunsworth  &  Naylor^ 
of  this  city,  from  the  best  charcoal-hammered  iron,  and  had  been 
overhauled,  furnished  with  new  tubes  and  otherwise  restored  to  the 
condition  of  what  was  thought  equal  to  a  new  boiler  six  months  since. 
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The  joints  were  all  single  rivctwi.  It  lja«l  In^ides  been  examine*!  with 
great  care  and  tt-st^^l  by  the  officials  of  tlio  Ilartl'onl  li^ tiler  Iitsuranf-e 
Coinpanv,  wiios<'  rcrtificjitc  tir  :u'<<'ptati<tn  is  e<juivalt'nt  t**  tiic  city 
in.s|)ection  according  to  law. 

The  destruction  of  the  shell  of  the  lower  cylinder  was  v^tv  *tnu- 
plete.  One  portion  of  hori/r>ntal  joint.s  alxnit  three  feet  in  ieugtJi 
(where  a  new  shtH-t  joine<l  the  old)  oidy  parte<l  on  the  line  of  tLej^knl, 
along  the  rivet  holes  of  the  old  plate,  while  the  waist  <>f  this  shell  »:a* 
torn  out  <liagonally  aerorts  solid  iron  and  on  the  lines*  of  vertical  si-ams 
and  the  Hatt<'ne<l  plat<'  of  metal  w:l<  hurletl  [M-rhaps  tw<»  handre<l  /«L 
The  two  heads  were  forcihlv  dishe<l  two  or  three  inches  l>y  the  roifl- 
ance  wiiieh  the  tubes  ot!ere«l  to  the  explosion,  one  retaining  aJJ  tlie 
tulxis  l)eing  driven  ag:iinst  the  brick  work  of  the  stack  and  .■^•ttijig  al 
the  biick  en<l,  and  the  other  wiis  im|K'llcil  acn)ss  the  street  and  lo«igBil 
in  the  second  story  of  a  brick  dwelling  (»pjK»site.  The  remains  «»f  the 
engineer  were  found  iuid«'r  this  lusid.  The  upj)er  jxjrtion  of  the  Iwiler 
complete  w:is  torn  otf  from  the  l«»wer  l)y  the  rupture  of  the  four  ne<-ks 
and  thrown  sjdewise  upon  :in<l  «lemolish(Hl  a  frame  dwelling  wjx  by. 
The  woman  and  children  killeil  were  in  this  house. 

Kxamination  of  the  iK>iler  after  the  explosion  shownl  no  detTJor^ 
ation  apj)arent  in  the  way  of  corrosion,  and  c<jmputation  of  strenu'tJb 
gave  ade(piate  dimension  for  80  |M>uniU  pressure  of  steam  |M*r  S4juarc 
inch. 

Test  of  the  iron  gave  fair  strength  of  material  with  jHThapc  ^ome 
want  of  ductility  n<tt  uncommon  in  charcoal  i)h>om  hammtre*]  in»« 
made  previous  to  the  lawful  tests  for  tluctility  :ls  well  as  ^strmgtb. 
The  proportion  and  o|M'ration  «»f  the  two  safety  valves  wen*  all  tlial 
n)uld  Im'  wi>in'»l.  The  com|K'tencv  an«l  cjiretuhu'ss  of  the  engiBc^r  wai 
maintained  l>y  all  witnesses.  No  blame  ciaild  be  attached  t<#  any  one 
with  any  fairness  Ibr  the  ^•••urrence  of  this  disctster. 

This  kind  of  stesim  lK)iler  is  jKi-uliar  to  Phihulelphia  and  its  vi<in- 
ity.  Perha|>s  some  G(K)  in  all  of  them  exist  herc;ilx»ut  in  use  t<v<lay.  but 
they  have  met  with  no  favor  elst^where.  They  are  ver^'  ert»noin- 
ical  :ts  steam  makei-s ;  they  supply  dry  stcjim.  they  are  etu^y  to  cle:in, 
to  examine  and  to  n'|>air.  The  water  line  is  very  steady  and  well 
marke«l.  JJut  this  is  nuinlHT  live  of  them  whi»'h  within  fourttvn  t»r 
tit^een  ywirs  have  expl«Kle<l  disa>tn>uslv.  The  natunil  end  of  all  boiUrr^ 
is  to  wear  out  ;  they  show  signs  of  dei-ay,  iKxiime  leaky,  an*  rt>|taiml, 
patche<l,  ^lulkinl,  finally  after  manifWt  im|>erfection  they  will  be  co»- 
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demned  and  broken  up.     For  one  boiler  that  explodes  destructively 
many  hundred  peaceably  go  out  of  existence. 

The  coroner's  jury  found  "  That  the  bursting  of  the  boiler  was  the 
result  of  the  use  of  an  inferior  quality  of  iron  in  the  shell  of  the 
tubular  boiler,  conjointly  with  improper  repairing  and  injudicious 
application  of  the  hydraulic  test." 


STEAM  ENGINES  AT  THE  ROYAL  AGRICULTURAL 
SOCIETY'S  SHOW. 


In  the  practice  of  ISIessrs.  Marshall,  Sons  &  Co.,  of  Gainsborough, 
will  be  found  much  which  will  repay  a  visit  to  their  stand.  They 
exhibit  no  fewer  than  fourteen  engines,  of  which  two  are  vertical 
engines,  two  are  traction  engines,  and  two  are  horizontal  stationary 
engines.  The  most  attractive  exhibit  for  engineers  is  one  of  the  trac- 
tion engines  of  eight  horse-power.  This  engine  embodies  much  that 
is  new,  and  it  is  specially  remarkable  for  the  adoption  of  a  singular 
device  in  connection  with  the  valve  gear,  which  illustrates  very  forcibly 
the  difficulties  which  attend  the  reduction  of  theory  to  practice.  It 
will  probably  be  conceded  without  question  that  the  more  sensitive  a 
governor  is,  the  more  uniform  will  be  the  speed  of  an  engine.  We  sup- 
pose that  to  this  there  can  hardly  be  a  dissenting  voice,  yet  in  prac- 
tice it  is  found  that  nothing;  can  be  much  further  from  the  truth.  The 
traction  engine  in  question  has  a  single  cylinder,  9^  inch  diameter  by 
12  inch  stroke,  and  it  is  nominally  of  eight  horse-power,  and  capable 
of  working  uj)  to  about  forty  horse-power,  with  120  pounds  of  steam. 
The  engine  is  intended  for  general  use,  and  to  drive  a  threshing 
machine  among  other  duties.  It  is  clear  that  if  the  ordinary  reversing 
gear  link  motion  could  be  combined  with  a  governor  much  would  be 
gained,  the  ratio  of  expansion  being  then  determined  automatically  to 
suit  the  load  on  the  engine.  Hitherto  all  attempts  to  put  this  system 
in  practice  have  failed,  because  the  resistance  of  the  ordinary  slide  valve 
is  so  great  that  no  governor  could  properly  control  the  link.  Messrs. 
Marshall  have  got  over  this  difficulty  by  substituting  one  of  Church's 
patent  balanced  circular  slide  valves  for  the  ordinary  valve.  Church's 
valves  modified  have  been  used  by  Mr.  Webb,  of  Crewe,  in  locomotive 
practice,  for  some  time,  and  Messrs.  John  Fowler  &  Co.  applied  them 
last  year  to  ploughing  engines.     The  resistance  of  the  valve  is  so  small 
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that  it  has  been  foinid  jjossihlc  hy  Messrs.  Marshall  to  cfunhine  one  of 
Hartnell's  governors  with  tht-  link.  Hartnell's  is  one  of  the  nu>st  sen- 
sitive jrovcrnors  in  existence,  and  the  result  of  the  first  exiM'riment^ 
made  with  the  ronihination  to  which  we  refer  were  far  i'roni  stitisfac- 
tory.  It  was  impossible  to  keep  the  governor  from  hunting,  with  the 
result  that  although  the  engine  made  the  same  numlx;r  of  revolutions 
per  minute,  its  rate  continually  alterwl  during  that  minute.  Thus  ten 
or  a  dozen  revolutions  might  be  made  at  the  rate  of  150  a  minute, 
while  the  ten  revolutions  pnKXiding  might  l)e  at  the  rate  of  160,  and 
the  ten  following  at  140.  The  difficulty  w.as  finally  overcome  by  put- 
ting a  brake  on  the  governor,  which  to  a  large  extent  nMuh-rs  it  h-ss 
sensitive,  and  it  becomes  an  o|>en  question  whether  an  onlinary  slow 
speed  governor  would  not  answer  far  l)etter.  We  may,  while  on  this 
subject,  add  that  Messrs.  R.  Ciarrett  tV:  Sons  have  found  just  the  same 
<lifficulty  with  the  cosine  governor  applie<l  to  an  ordinary  throttle  valve, 
numerous  adjustments  having  to  l)e  made  to  keep  it  from  hunting. 
The  bearing  of  this  j)oint  on  the  ele<'tric  light  is  of  much  iiiten-st.  It 
is  well  known  that  (Vjuable  driving  of  the  Gramme  or  other  ele<-tro- 
<lynamic  machine  is  of  the  utmost  im|K)rtance,  to  prevent  flickering. 
At  the  same  time  it  is  a  matter  of  companitively  small  iinj)ortanc«' 
whether  the  machine  is  run  at  700,  or  750,  or  even  800  revoluti<ms 
j>er  minute.  Heretofore  engineers  have  always  attempteil  to  get  per- 
fectly uniform  driving  by  using  very  sensitive  governors,  but  there  is 
reason  to  believe  that  these  are  precistdy  the  gtn-ernors  which  {xTmit 
the  gi'eatest  numl)er  of  variations  in  speed.  Let  it  !>«•  l»orne  in  mind 
that  an  increase  or  diminution  in  the  npced  of  an  engine  pnxlucing  the 
<}lectric  light  of  even  a  few  feet  of  piston  spei^l  per  minute  in  any  one 
revolution  produces  a  flicker,  and  it  will  he  seen  that  a  governor  which 
maybe  |>erfect  in  the  sense  that  half  the  load  may  be  thrown  ofl'or  put 
on  without  materially  affecting  the  average  velocity  of  the  engine 
raeasure<l  by  the  whole  number  of  revolutions  jM>r  minute,  may  l>e  ver>' 
<lefivtive  in  the  sense  that  it  jHTmits  the  engine  to  make  wide  excur- 
>!ions  above  and  below  the  average  velocity,  although  such  excursions 
last  but  a  short  time.  Messrs  (Barrett  inform  us  that  they  have  sold 
a  considerable  number  of  enyjines  for  driving  electri>-dvnamii'  machines 
abroad,  all  of  which  are  fitttnl  witii  (M)mmon  governors.  They  have 
never  lieiird  of  any  flickering  in  the  light  j)r(Kluce<l  by  such  engines, 
but  they  cannot  sav  so  much  of  engines  fitted  with  sensitive  governors. 
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Tlie  matter  is  one  well  worth  the  consideration  of  electricians  and 
engineers  alike. 

Returning  to  the  consideration  of  Messrs.  Marshall's  practice,  we- 
may  add  to  what  we  have  already  written  concerning  it,  that  in  all 
their  engines  they  now  adopt  the  system  of  lining  the  cylinder.  It  is 
cast  of  the  best  cold  blast  iron,  and  then  bored  out,  suitable  internal 
projecting  rings  being  left  at  each  end.  A  second  cylinder,  cast  of  a 
very  hard  mixture,  is  then  turned  accurately  to  gauge  on  the  outside,, 
and  forced  into  the  outer  cylinder  by  hydraulic  pressure.  The  space 
between  the  two  forms  a  steam  jacket.  The  pistons  are  packed  each 
with  two  cast  iron  plain  rings,  cut  through  diagonally  and  sprung  into- 
the  recess  in  the  piston  body.  They  are  forced  out  against  the  cylin- 
der by  a  single  spring  ring  inside  as  wide  as  both  the  packing  rings- 
together.  The  piston  rings  are  cast  of  a  mixture  of  Blaenavon,  Park- 
heatl  and  Gartsherrie  iron,  melted  in  crucibles  in  the  brass  foundry  and 
such  rings  are  found  to  wear  admirably.  In  such  practice  as  this  we 
haye  an  example  of  skill,  forethought  and  resource  which  is  certainly 
not  exceeded  in  any  other  branch  of  raechanital  engineering.  As  to 
the  results  obtained  with  the  combination  of  the  Church  yalye  and 
automatic  goyernor  we  shall  speak  fully  when  we  illustrate  the  engine 
to  which  it  is  fitted.  It  must  suffice  to  say  now  that  the  indicator 
cards  obtained  are  yery  good,  being  identical  with  those  obtained  from 
railway  locomotives  when  worked  at  various  grades  of  expansion. 

Messrs.  Davey,  Paxman  &  Co.  show  an  engine,  among  several 
others,  in  which  automatic  expansion  is  obtained  in  a  very  novel  way^ 
It  may  be  rememberetl  that  at  the  Cardiff  show,  in  1872,  this  firm  sent 
a  portiible  engine  for  trial,  which  gave  an  excellent  duty.  It  was  the 
first  racing  engine  ever  made  by  the  firm,  and  had  not  a  crank  shaft 
Iwaring  been  screwed  down  too  tight,  and  heated  in  consequence,  it 
would  have  made  one  of  the  best  performances  on  the  brake  on  record. 
Its  mechanical  time  wa.s  4  hours  18"  17  minutes,  and  its  consumption 
of  fuel  but  3*23  pounds  of  coal  per  horse  per  hour.  The  boiler  evap- 
orated 9" 9 7  pounds  of  water  per  pound  of  coal,  or  about  1'33  pound 
less  than  that  of  the  first-prize  engine,  or  say  11  per  cent.  less.  Had 
the  boilers  been  equally  efficient,  Messrs.  Davey,  Paxman  &  Co.'s 
engine  would  have  made  over  4|  hours  mechanical  time.  This  excel- 
lent performance  wiis  due,  in  large  measure,  to  the  use  of  a  gridiron 
cut-off  valve  worked  by  a  double  cam  on  the  crank  shaft.  The  expan- 
sion curve  obtained  by  this  means  was  nearly  perfect,  indeed  no  better 
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diagrams  were  obtaincnl.  Tliero  w<*roccrUiin  drawlxwks  to  this  method 
of  driviii}^  a  cut-ot!"  valve — altlioiij2:h  we  may  add  that  since  1872  the 
Cardiff  eiifrinc  has  done  a  ^Tcat  deal  of  work,  witli  mii<-li  «'<-onomy^ 
the  valve  j^(*:ir  j^ivinj^  lu)  trouhlo.  In  the  eiij^iiK;  exhihited,  Mr.  I*ax- 
maii  has  ret;une<l  the  good  features  of  the  gridiron  cut-off  while  getting 
rid  of  the  cum.  The  engine  is  twelve  horse-j)ower,  horizontal,  of  the 
girder  tyjKi.  The  arnmgements  for  setting  up  the  crosshead  Ix-aring* 
and  tiiose  of  tjje  crank  shaft  are  ver^'  ingenious  and  well  worke<l  out. 
The  valve  gear  consists  of  an  (ordinary  slide  valve  with  full  travel  and 
very  little  lap  or  lead.  It  works  as  clos*^-  as  |)ossil)le  to  a  partition,  in 
the  sjune  plane,  in  the  valve  Ixix.  In  this  partition  are  made  three 
jxjrts,  and  over  them  slides  a  gri<liron  valve,  whi<h  is  the  cut-off  valve  ^ 
as  no  steam  c:in  get  tf>  the  main,  or  distributing  valve,  without  pas-ing 
first  through  the  ports  in  the  j)artition  Ix'fore  mentione<l.  The  <ut-f»ff 
valve  is  driven  in  the  following  way  :  On  a  stud  in  the  frame  revolve 
two  small  eccentrics  pinne<l  to  a  t^M»thed  wheel,  the  rods  of  these 
eccentrics  actuate  a  link  uniting  their  ends,  and  this  link  drives, 
the  spindle  of  the  cut-off  valve.  On  the  crank  shaft  is  keytnl  a 
wheel  just  twi<e  the  diameter  of  that  carrying  the  eccentri<-s,  whi<h 
last,  accordinglv,  makes  two  revolutions  for  one  of  the  engine. 
The  eccentrics  are  called  positive  and  negative,  and  are  so  sot  that 
while  one  tends  always  to  kei'p  the  cut-off  valve  ojnn  the  whole 
time  a  steiun  port  is  o|>en,  the  other  tends  efpially  to  keep  the 
gri<liron  ports  shut  whenever  a  main  steam  p>rt  is  uncovereil  l>v  the 
slide  valve.  Atvctrding  to  the  jwsition  of  the  link,  one  or  otlier  will 
have  most  cfmtn>l  over  the  cut-off  valve.  A  high  sj)oed  governor  of* 
the  Porter  type  is  coiinecte<l  din'<"t  to  the  end  of  the  link,  and  shifts  it 
to  atiy  re<juire<l  jxtsition.  We  have  sinm  this  engine  under  stt':im  and 
its  action  was  in  every  way  sjitisfactorv  ;  the  wheels  being  carefully  cut, 
run  pnictieally  without  nois<^ ;  the  governor  acts  freely.  There  is  no 
complication  of  parts,  and  altogether  this  may  j>erhaps  Ik-  reg;inle<l  as 
one  of  the  most  satisfactory  automatic  expansion  gwirs  of  the  many 
which  have  bi'en  brought  out  »»f  late  ywirs,  while  the  engine,  taken  as. 
a  whole,  is  strong,  neat  and  .s<M*vi<vable. —  T/tr  Engineer. 


China  claims  the  Telephone. — The  Pckin  Ojfieia/  Tinu\>t  pul>- 
lishcs  a  comiiuinication  from  a  ('liin«s<>  .sjivant,  asserting  that  the  tele- 
phone wjis  in  use  A.  D.  922,  and  that  it  was  invented  by  a  citizen  of 
IVkin.  — /•o/7*\7j/-.  dcr  Zeit.  C. 
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A  NEW  HARMONOGRAPH:  INDUCTION  BALANCE. 


Mr.  W.  J.  Wilson  exhibited  before  the  Pliysieal  Society,  May  24th,  a 
new  harmonograph  and  figures  drawn  by  it.  Tlie  figures  drawn  by 
prior  harmonographs  are  all  more  or  less  imperfect  owing  to  loss  of 
motion  in  the  pendulums  actuating  the  marking  pen ;  and  Mr.  Wilson 
therefore  designed  a  new  harmonograph  which  not  only  gives  perfect 
figures  but  admits  of  the  phase  of  either  of  the  two  compounded 
motions  being  decreased  by  a  known  amount.  In  this  instrument 
toothed  wheels  take  the  place  of  pendulums,  the  ratio  of  the  teeth 
giving  the  ratio  of  the  periods  of  the  motions.  By  employing  the 
•device  of  an  intermediate  wheel  gearing  with  two  others,  and  arrang- 
ing two  or  more  wheels  on  the  intermetliate  axle,  a  great  variety  of 
piiase  can  be  obtained  for  each  motion.  An  ingenious  adjustment  by 
means  of  a  movable  nut  allows  the  phase  of  either  or  both  motions  to 
be  altered  to  a  known  extent,  and  thus  an  endless  variety  of  figures 
can  be  obtained.  As  in  other  harmonographs  a  writing-table  on  which 
the  paper  is  j)laced,  and  an  aniline  glass  pen,  are  used.  Several  of  the 
figures  done  also  on  glass  were  thrown  on  the  screen,  the  stereoscopic 
effect  being  very  aj)parpnt.  In  reply  to  a  query  Mr.  Wilson  said  that 
Jie  had  adapted  some  of  the  figures  to  the  stereoscope.  Prof.  Hughes 
explained  his  new  induction  balance  and  showed  some  of  its  principal 
effects.  It  is  well  known  that  on  starting  an  electric  current  along  a 
wire  acljacent  to  another  wire,  an  induced  current  is  set  up  in  the 
second  wire  in  an  opposite  direction  to  the  first  or  primary  current. 
In  the  induction  balance  two  primary  circuits  or  coils  are  taken,  with 
the  same  current  (interrupted  by  a  microphone  acted  upon  by  the  tick- 
ing of  a  clock)  running  through  both;  and  between  these  is  placed  a 
secondary  circuit  or  coil  in  connection  with  a  telephone.  The  primary 
coils  are  so  wound  as  to  oppose  each  other's  induction  on  the  interme- 
diate secondary.  There  is  a  point,  moreover,  between  these,  where 
these  opposed  inductive  influences  exactly  neutralize  each  other.  If 
the  secondary  coil  be  placed  there,  no  induced  ticking  of  the  clock  can 
be  heard  ;  but  if  the  secondary  be  displaced  to  one  or  other  side  of  this 
point,  the  ticking  can  be  heard  in  the  telephone  increasing  in  loudness 
as  the  secondary  approaches  one  or  other  of  the  primaries.  If  the 
distance  between  the  primaries  be  graduated  into  a  scale,  this  contriv- 
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ance  becomes  a  sonometer,  simc  it  ^ives  an  alwolute  zero  of  sound,  an<f 
degrees  of*  loudness.      It   is  well   a<lu|)ted  for    measuring   the   hearing 
|>o\vcr  of  the  car.     By  s|)litting  the  sjvondary  eoil  into  two  parts  an<l 
placing  e;u'h  elose  to  its  projwr  [irimarv,  so  that  then*  are  four  eoils  in 
all  arnmgeil  in  two  jniirs,  the  extremes  in  one  primary  finuit,  :iiul  the 
means  in  ont*  scM-otidarv,  the  two  o|)posing  jmrts  of  the  halan*-*'  can  Ik.* 
sepanit***!  from  each  other,  Sf)  as  not  to  disiurh  e:u'h  other's  action,  iuu\ 
the  balance  made  very  sensitive  by  the  closeness  of  the  primaries  and 
seconihiries.      Prof.  liughes  finds  that  there  is  a  line  or  zone  of  niaxi- 
mum  induction   midway  Ix'tween  e:ich  |>rimary  an<l  its  sei-ondar}'.      If 
a  conductor,  such  as  a  piece  of  metiil,  be   put   in  this  ]H)sition,  it  has  a 
maximum  disturbing  effect  on  the  balanc*',  due  probably  to  the  ekH-tric 
curnMits   genenit*^-*!    in    it   by  the    induction.     The  effln-t  is  apjKircntly 
proportional  to  the  conductivity  of  the   metal.      It  re<juir«5^  an  exactly 
similar   piec*  of  metal    j)ut   l>etween   the  other  jwir  of  coils  to  restore 
the  e(piilibrium  (»f   the   balance.      A  ditfi-rence  of  allov,  <»r  «tf  weijrlit 
b<*tween  tw<»  like  coins  Ls  at  once  observed  from   the  imperfect  restitu- 
tion of  the  iKilance  ;  base  eoias  are  thus  also  at  once  detectetl.     Again, 
it  is  jKfcvsible  for  a  j)erson   to  tell  what   particular  <'r>in  or  coins  are  in 
(►ne  |Kirt  of  the  balance  by  trial  of  the  s;ime  coin  in  his  part.      When 
plates  of  non-magnetic   metals  are  held  verticid   in   the   balarnv  their 
disturbing  etfcn-t    is/</V;   iron    on   the   other  hand  gives  its  maximum 
eflcM't  on  this  position,  be«"au.s<'  its  magnetic  etfe<"t  overbaIanc<'s  its  eh^-- 
tricjil  efftH't.     Two   piec<\s  of  iron-  mav  therefore   neutnilizc  «'a<'h  «»ther 
as  corc-s  ill  an  induction  coil.     Steel   is  easy  to  IwlaiKv  i*ompan*«I  with 
soft  iron.      Zinc   disturbs    most  when    plac<><l   along   th<'   sides  of  each 
IKiir  of  coils;  iron  when    in   centre   at  a  certain    length  of  metal    laid 
along  the  outi^ides  of  the  coils   produces  silence.     The  maximum  liiu* 
of  inductive  force  is   midway  In'twecn  the  coils,  and  there  is  a  line  of 
minimum  force  at  half  the  thickness  of  e:i<h  ("oil.     A  metal  placcti  at 
tlu's<'  lines  of  minimum  tore*-   h:us   no  disturbing  efTcft  on  the  Uilancc. 
Pressure  ap|>li(Hl  to  small  shot,  or  s|Mmgy  gold,  alters  the  balan<v.    The 
eif«H'ts  of  stress,  heat,  magiK'tism,  light,  etc.,  on  matter  could  U*  «leter- 
mineil  by  the   balance.      Prof  \V.  (r.  Adams   U'lievetl   that   <»nc  result 
of  Prof.  Hughes'  exiK^iments  will  Ik*  the  determination  of  the  way  in 
which  the  law  of  ele<'trtv-<lynaniic  induction   de|H*nds  on  «lensitv.      He  * 
also  imagine<l  that  the   metal  when   in  the  maximum   line  lietwtvn  the 
coils  gjitheretl  the  liiu's  of  fonv  to  it.s«'lf,  whereas  when  on  the  mini- 
mum lines  it  e<Mild  not  thus  divert  them.    Pn)t'.  Ayrton  oiteii  the  early 
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■experiment  of  Faraday  with  a  sheet  of  copper  oscillating  to  rest  between 
two  opposite  magnetic  poles.  The  copper  took  a  long  time  to  stop ; 
but  a  sheet  of  iron  placed  between  two  like  poles  was  soon  stopped 
owing  to  its  becoming  imbued  with  an  opposite  polarity,  and  deflect- 
ing the  lines  of  force.  He  also  suggested  that  the  divergence  of  the 
results  for  conductivity  of  metals  got  by  the  induction  balance  from 
those  got  by  the  Wheatstone  balance  might  be  due  to  that  electric 
inertia  suspected  by  Sir  AVilliani  Thomson.  Prof.  Guthrie  thought 
that  the  induction  balance  pointed  to  the  conclusion  that  the  disturb- 
ing effect  of  a  conducting  mass  applied  in  this  way  is  proportional  to 
the  quantity  of  electricity  generated  in  it  under  certain  conditions  of 
temperature,  etc.  The  determination  of  the  conductivity  of  liquids, 
would  be  a  useful  application  of  the  balance.  Mr.  Chandler  Roberts 
gave  some  results  which  he  had  obtained  from  an  examination  of  cer- 
tain alloys  by  means  of  the  induction  balance.  He  had  been  able  to 
detect  a  difference  of  one  part  in  1000  in  the  amount  of  silver  in  two 
shillings  of  equal  weight.  He  also  pointed  out  that  Mathiessen 
■divided  alloys  into  three  classes:  (1)  solidified  solutions  of  one  metal 
in  another ;  (2)  solidified  solutions  of  one  metal  in  an  allotropic  modi- 
iication  of  another  metal ;  (3)  solidified  solutions  of  allotropic  modifi- 
cations of  both  metals.  For  the  first  class  the  curve  of  electric  con- 
ductivity is  a  straight  line,  for  the  second  a  parabolic  curve,  for  the 
third  a  bent  line.  Mr.  Roberts  found  that  the  balance  gave  the  char- 
acteristic curve  for  the  first  class  with  an  alloy  of  lead  and  tin,  and  for 
the  second  with  an  alloy  of  gold  and  silver.  With  a  copper  tin  alloy, 
which  is  a  good  example  of  the  third  class,  he  found  the  curve  given 
by  the  balance  to  be  intermediate  between  Alfred  Risch's  curve  of 
■density  and  Mathiessen's  curv^e  of  conductivity,  and  considers  that  the 
balance  is  influenced  by  the  density  as  well  as  the  conductivity  of  the 
metal  interposed.  Prof.  Hughes  said  that  as  the  working  of  metals 
appeared  to  affect  their  conductivity  he  was  inclined  to  rely  more  on 
the  conductivity  measurements  of  the  balance  than  on  those  of  the 
Wheatstone  bridge.  By  the  balance  plain  pieces  of  metal  were  taken^ 
whereas  by  the  bridge  wires  were  mostly  taken.  He  would  rather  not 
give  any  theory  yet  as  to  the  results  obtained  from  the  balance.  Dr. 
Erck  then  exhibited  his  novel  pump  for  lifting  solutions  out  of  bat- 
teries. It  consists  of  a  closed  vessel,  funnel-like,  the  stem  dipping 
into  mercury,  a  column  of  which  ascends  the  latter  to  a  certain  height. 
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Two  tiilMis  cmerj^e  from  tin-  wjver,  one  dipping  into  tli«*  liquid,  tlu* 
other  ujK'iiinjx  to  tlic  air.  \W  altoriiijr  tlic  |trc.s,surc  iir-idr  tin-  vtiss*.-! 
the  sohitioii  ri.ses  to  tin*  latter,  ami  cnu  «.r»ea|M.'  from  it  l»v  trirkliiig 
through  the  men  iiry. 


AN  ALARM  C<)MP.\.SS. 


A  verv  iiigeiiifMis  appli<"iti<»ii  of  electri<-itv  to  the  pur{>oKes  of  uavi- 
^utioii  h:u*<  recently  Im-*-!!  elleeted  hy  Mr.  Heurv  A.  S'verii,  of  Ilerne- 
Iiill,  who  ha.s  Kuccee<le<l  in  j»r<Kluciiig  a  mariner's  <-(>m{MLS8  whi<h 
«nal)U^  the  ejiptain  or  olli<'<'r  in  charge  to  lu-jir,  by  the  ringing  of  a 
hell,  when  the  vessel  is  out  of  tin-  onleretl  eours4'.  In  the  c(»n>tnic- 
tion  of  thi.s  conii)U8s  Mr.  Severn  hiw  availed  himself  of  the  ci^nstant 
position  of  the  (anl  an<l  the  ever-varying  i>osition  of  the  ship  for  the 
purjMwe  of  making  and  breaking  metallic  contact,  which  cjius<'s  an 
<;lectric  hell  to  he  sounded,  and  thus  to  announce  the  tact  that  the 
vcHsel  is  oft'  her  course.  The  whole  of  the  appanitus  la  containeil  in  a 
small  hox,  which  is  easily  cjirried  ahout,  and  is  intended,  as  a  rule,  t" 
be  placet!  in  the  captJiin's  cabin.  Over  the  canl  are  two  index  hand>. 
which  can  be  mljusttHl  t^i  any  angle  allowing  of  greater  or  le.ss  ilevia- 
tion  in  steering  to  either  the  |M»rt  or  starl)<)anl  side. 

Assuming  the  t^iptain,  (»n  (putting  the  deck,  to  have  given  instru*'- 
tions  to  steer  the  ship  on  a  certain  course,  he  s*'t«  the  index  hands  to  a 
cortjiin  angle,  allowing  the  steersman  a  given  latitude  for  thviation 
either  to  jM>rt  or  starboard  of  that  ("ourse.  Inst«id  of  having  t«»  lie 
iHrnstantly  watching  tin-  comp:u«<s,  ;is  at  jtres<'nt,  to  <«•♦•  that  his  onlers 
are  carried  out,  the  (uptain  Imves  th«'  instrument  to  tell  him  by  iLs 
silence  if  they  are,  and  by  its  S4»un<ls  if  thev  are  not,  «»U'Vt'<l. 
Should  the  ship  be  stecreil  «)tf  her  course  l)eyontl  the  limit  allowetl  on 
either  side,  an  electric  alarm  Indl  rings  instantaneously,  and  monx>ver 
tHintinuw  ringing  until  the  right  course  is  resume<l.  The  index  han<ls 
cjin  be  niis«Hl  away  from  the  c:inl,  when  the  Udl  iHtxtmi^s  dis4'onne<t«>«l 
and  the  compiiss  c:in  be  ii^isl  like  an  onlinarA*  «uie. 

The  means  whereby  this  u-si^ful  result  is  attain(><l  may  Ih"  thus  briefly 
stat^nl.  Tin*  metal  point  u|>on  which  the  c:inl  is  hung  is  insulatetl 
from  the  comjKUss  1m)\v1,  and  to  it  is  atta^-lu'd  a  wirt'  from  one  }>ole  of 
a  small  battery.  About  an  inch  alwve  the  canl,  platx'd  jwrallel  to  it.-. 
«urfac>c  and  attacheil    to   its   metal   centre  (which  is  insulatetl  fn»m  the 
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needle),  is  an  arm  of  metal  reaching  nearly  to  the  edge  of  the  card. 
This  arm  is  therefore  in  metallic  communication  with  the  wire  from 
the  battery  already  referred  to.  The  glass  lid  of  the  compass  has  a 
short  brass  rod  working  within  a  tube  passing  through  it.  These  are 
severally  attached  to  two  brass  milled  heads  above  the  glass  lid,  and 
to  the  two  movable  index  hands  beneath  the  glass.  These  are  in 
metallic  contact  with  the  brass-work  of  the  compass,  and  this  with  the 
other  pole  of  the  battery.  Beneath  the  outer  extremities  of  the  index 
hands  are  suspended  two  pieces  of  platinum  wire  about  three-quarters 
of  an  inch  long.  These  hands  can,  by  means  of  the  two  milled  heads,. 
be  moved  round  to  any  position  over  any  point  of  the  card.  Hence 
they  admit  of  being  placed  on  either  side  and  equally  distant  or  other- 
wise from  the  end  of  the  metal  arm  on  the  card. 

It  will  thus  be  seen  that  whenever  the  platinum  wires  come  into 
contact  with  the  metal  arm  on  the  card  the  circuit  is  completed. 
The  electric  bell  being  placed  in  the  circuit  sounds  whenever  such 
contact  takes  place.  The  bell  is  disconnected  by  simply  raising  the 
the  milled  head  up  half  an  inch  through  a  sliding  tube,  and  the  com- 
pass then  becomes  in  all  respects  an  ordinary  one.  Two  bells  of  dif- 
ferent tone  can  be  used,  and  thus  the  instrument  will  indicate  to  the 
captain  whether  the  deviation  in  steering  is  to  port  or  starboard.  The 
arrangement  is  simple  and  compact,  and  the  invention  promises  to 
subserve  a  very  useful  purpose  in  navigation.  By  its  use  the  captain 
will  be  saved  much  anxiety,  and  the  knowledge  that  there  is  a  check 
upon  them  will  serve  to  render  officers  more  vigilant  and  steersmen 
more  careful.  Headlands  and  rocks  may  thus  be  guraded  against  with 
much  greater  security,  while  in  the  case  of  vessels  riding  at  anchor  in 
a  port  or  road,  this  compass  will  at  once  give  intimation  of  swinging 
— a  matter  of  importance,  especially  at  night,  when  many  vessels  are 
together.  In  short,  the  dangers  of  navigation  generally  will  be  con- 
siderably lessened  by  its  use. 


Economy  of  Electric  Carbons. — M.  Delaurier  says  that  by 
guarding  the  poles  of  the  electric  circuit  from  air  currents,  an  atmos- 
phere of  carbonic  acid  may  be  formed  around  them,  which  prevents, 
useless  waste  and  greatly  diminishes  the  cost  of  lighting  by  electricity. 
— Les  Mondes.  C. 
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AT'IOTYPHS. 

For  al)oiit  t«Mi  Vf.iiN  :i  pnMfss  of  ]>lioti»^rapliic  printiii};  y«-Ic|)t 
"autotyiK'"  1i:l"<  Imh-ii  j^mwin^  iiit  )  notice,  ami  ass<Ttln^  ib«  rijjlit  to 
<K'<'ii|»v  tli«'  field  of  art  |»lioto;^ni)»liy.  It  ii(»t  only  claitiis  to  liavf  m»Iv«'<1 
tlic  prol)l<Mii  of  rtiuli-riii;;  tin*  plioto;;raj>lii«-  itnaj^c  inaltrraMc,  luit  by 
tin*  <omiiiaii<l  of  a  \vi<l('  nm^o  of  inonocliroinic  effwt,  and  of  different 
surfajfs  for  the  rc«Tption  of  the  pietnn*,  to  havr  rend^n-*!  pnwtieaM*' 
the  n-'prcMhution  of  an  artist's  work  in  fae-sinjih-.  For  exainplf,  an 
artist  expresses  his  idejLs  in  ehareoal,  in  eniyon,  in  sepia,  «tr  nil  «halk; 
the  pr(KX5«  is  al)Ie  to  rcpli<iite  his  work,  the  same  sizi-,  or  laiycr,  or 
smaller,  emj)lovin;j  the  j)ij;ment  of  the  original  and  th<'  sjim«-  kind  nC 
pajxT  or  foundation.  TIh-  copy  in  such  (-lsi-  may  n-a'^onaMv  In-  U-iievctl 
to  Ix;  as  jM-rmancnt  :l><  the  original.  A  dniwinj;  or  oth<T  arti>ti«-  work 
repnKluc<'<l  l>v  onlinarv  jthotoirniphic  me:ins  is  |i!d|»aMv  hut  a  photo- 
graph :  printe<l  in  autotvjx'  it  will  U*  so  cl(r«i-  a  fa<— <ituile  of  the  ••rij'inal 
as  not  easily  to  Ix?  distin^iiisluHl  fnim  it. 

The  autotyjM'  thu«*  claims  under  favonihle  cin'umstan<"es  to  repHMliuv 
the  very  iMKJy  and  soul  of  an  arti>t's  work — his  tou»h  ami  .KMitiincnty 
with  the  actual  pigment  of  his  jwilette  and  the  material  he  works  uiK)n. 
Eni'<'tin^  this  liy  chemicjil  uh-juis  without  the  intervention  of  another 
hand,  the  |»nMe.s-<  found  a  ^jwiusor  to  name  it  autotyjH-. 

The  startiuj^  |Mtiut  of  all  photo<^niphic  pictun-s  is  the  pHnhietion  of 
a  nejrative  in  the  <"imera.  The  n«i^itive  iKH^omes  a  nuitrix  of  endle»« 
prints.  Most  of  our  n'juhrs  are  fannliar  with  a  ntyative,  ami  have 
notice<l  how  the  lij^hts  and  shadows  of  the  image  on  the  glass  am 
rever»e<l;  tiie  high  lights  of  the  suhject  In'ing  ri'prcsontwl  hy  a  (K'n.** 
de|Kwit,  while  its  shadows  approach  the  condition  of  cK'ar  glass.  It 
follows  that  light  will  Im*  rctanhil  in  it.-;  jKi.ss:»ge  through  a  negiitive 
exau'tly  in  pro|M»rtion  to  the  varying  di'iisity  of  the  imap*  on  its  surface, 
and  the  art  of  photographic  printing  (t>n.«*isti*  in  providing  that  the 
tninsmitte<l  light  shall  impingi-  on  a  surfa<v  s«'nsitive  to  its  imprt^-iion. 
This  has  hitherto  JM-eii  etfeft^tl  hy  the  us*' of  a  |«:i|H'r  eiKiteil  with  a  thin 
stnitum  of  alhumen  ami  renderiMl  .sensitive  tt>  light  hy  a  salt  of  silver. 
IMiotogniphs  so  pr<Hluc«««l  an-  liahle  to  gniduid  siMnitaui-ous  d«>-av,  and 
fatle  away  to  the  \k\U'  L'ho^t.-  of  their  fonm T  v<lvi^  and  tihiiii  it.  Iv 
disapiKar. 
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Autotypy  claims  permanency  for  its  raison  d'etre.  Tlie  difference  it 
imparts  into  photographic  printing  consists  principally  in  substituting 
for  the  fickle  salts  of  silver  some  permanent  pigment  as  the  physical 
basis  of  the  picture.  This  substitution  not  only  supplants  the  evanes- 
cent by  what  is  practically  inalterable,  but  endows  photographic  art 
with  the  wdde  range  of  monochromic  eiFect.  Photography  in  natural 
colors  is  still  a  dream,  but  autotypy  is  able  to  make  some  slight  advance 
towards  art  in  this  direction.  The  process  is  founded  on  the  property 
oF  gelatine  when  combined  with  a  bichromate  salt  to  become  insoluble 
in  water  after  having  been  exposed  to  light.  Paper  is  coated  with  a 
fihii  of  liquid  gelatine  containing  finely  ground  color  and  sufficient  of  the 
bichromate  salt  to  insure  chemical  action.  This  sensitive  tissue,  kept 
from  the  light,  is  perfectly  soluble  in  water;  but  if  light  acts  upon  it 
the  whole  condition  is  altered:  the  gelatine  becomes  insoluble,  and 
firmly  imprisons  every  particle  of  the  coloring  matter.  It  will  now  be 
understood  that  if  this  sensitive  tissue  be  placed  under  a  negative  and 
exposed  to  light,  the  chemical  action  exerted  upon  it  will  be  in  propor- 
tion to  the  density  of  the  negative;  where  mucli  light  passes,  the 
tissues  will  be  deeply  penetrated  and  much  color  imprisoned;  where 
the  light  is  partially  intercepted  less  color  will  be  fixed,  and  a  latent 
picture  will  be  formed  in  the  tissue  in  exact  gradation,  and  with  the 
lights  and  shadows  as  in  nature. 

To  make  this  latent  picture  visible,  it  is,  in  technical  language, 
"developed"  by  the  action  of  warm  water,  Avashing  away  such  portions 
of  the  colored  gelatime  film  as  have  not  been  influenced  by  light.  But 
effective  development  is  only  possible  by  an  ingenious  operation  known 
as  "  transfer."  The  impact  of  light  through  the  negative  on  the  surface 
iDf  the  tissue  has  rendered  that  surface  insoluble,  and  to  achieve  success 
the  pictorial  film  must  be  attacked  at  the  back,  that  is,  at  the  surface 
resting  on  its  paper  support.  The  various  methods  of  effecting  this 
constitute  an  important  part  of  the  autotype  patents. 

The  sensitive  tissue  which  under  the  negative  becomes  fecundated 
hy  light  is  called  the  "temporary  support,"  and  the  surface  of  this  is 
made  to  adhere  by  pressure  to  the  material  on  which  the  picture  shall 
finally  remain.  This  "permanent  support"  may  be  drawing  paper, 
canvas,  panel,  ivory,  or,  in  fact,  almost  any  material  used  by  artists. 
The  two  adhering  supports  are  immersed  in  warm  water,  which  softens 
the  gelatine  and  allows  the  original  paper  or  temporar}-  support  to  be 
peeled  off,  and  thus  lays  bare  to  the  action  of  the  water  all  the  pig- 
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mentecl  ^<'Iatiii<'  un:ifr<'<'tf<l  l»y  the  \\^\\X.  Umh-r  tJu-  s<jivent  a<-tion  of 
water  tlif  |)i(ture  ^Tadiially  apiMiirs  uiul  ninaiiis  Hnnly  ml)i<rcnt  to  itri 
support.  TIm-  li^lit.s  and  ><lia<l(s  of  tlii>  piitun- an*  Imiit  up  l»v  variouj^ 
<l(^rees  of  thi(;kiii;s.>«  in  tlu*  ^elatiin'  ami  pi^ruent,  repn^eiitiiij;  exactly 
the  jrrailatioiis  of  (h'lisity  of  the  ori^riiial  lu'^'jitive  nixi  thi-  coiisetiuent 
iiHKlifH^itioiiH  of  the  aetioM  of  li^ht.  'J'he  develojn"*!  pietun>.  after 
lK.'iiij;  iiiiiiiers4Hl  in  a  sohition  of  ahiin,  \va.«<he<l  in  pure  water  and  Jninjr 
up  t«»  dry,  are  trinini<><l  an<l  rnount«-d  in  the  usual  way.  Su«h  phut«>- 
j^Riphic  |tietun'?i  consist  ol  particles  of  ]>i^inent  lield  together  hy  an 
inennlihly  tliin  fihn  of  ^'latino,  rcnderwl  insohihU-  by  ehemi<iil  a^ney. 
— Art  Jimnttil. 


Causes  of  Injury  to  Cables  — I'lie  tenMl.»  has  l»e«n  very  diMrue- 
tive  In  itH  attacks  u|)on  the  ^utta-|H'n'ha  ctKitiu^  of  suhiuarine  (<aihii«. 
S|iarp-t«M>thed  fi^hf-s  have  oft<Mi  interrupt*"*!  the  coniinuni<-:ition  iM-twwn 
Cayenne  and  I'ara.  Turth's  haye  attackeii  the  win>  from  K<v  WtH^t 
to  Havana.  A  whale  hroke  tin-  (?il>le  in  the  IVrsian  (iulf,  and  l<»>t  it^ 
life  by  j^'ttin^  eiitan^UHl  in  the  wire.  Li^htnin^  \n\>  <lesfn»y»'»l  one  or 
two  of  the  Me<lit«'rranean  cjibh-s.  In  some  phut9<  submarine  i-urrenti* 
have  worn  out  the  caith-^  by  friction  against  the  nnks  ;  iti  others  thev 
hav<'  broken  by  their  «>\vn  weight  in  spanning  <KViin  valley.s.  The 
atta<"ks  of  insirt-s  have  Ihvu  partially  oven'onie  bv  mixing  |>ou4onuu!} 
ingntlients  with  the  gutta-jMrcha. — L' K/rctrlriif.  (\ 

New  Pendulum  Experiments. — M.  I>ej«-an  de  Fi.uro«pi«>  ha^ 

ex|Hriinentctl  with  a  |M'inliihiin,  vibniting  in  a  large  an*  ami  free  to 
move  in  all  a/.imuths.  He  tindt  that  the  plane  of  oeM-i  Hat  ion  t4>n<i>i 
nipi<lly  to  as-iume  a  sjHH'ial  «lire<'tion.  which  is.  an-onling  t«»  his  views, 
the  h(»ri7.ontal  proje<'tion  of  the  birth's  trajcct«»ry,  or.  in  other  w<»nLs, 
the  n-sultant  of  the  two  great  movemi'iits  towanb*  the  c«>nstellatioti 
Hen'ules  and  around  the  sun.  'PIm*  path  traverv«s  the  meridian  four 
times  a  day,  and  the  hour»  of  cnK^ing  vary  with  the  (Ntsition  of  the 
earth  in  the  ei'liptic.  M.  \.<'orwin  ha.s  witne<«)(>(i  the  ex|)erimentii 
and  repoiti^l  theni  to  the  French  .V<':idinjy.  Although  he  hesitate?^  to 
adopt  ^^>url»< pie's  conclusions  with  n-iT'irrl  to  the  «-nis*'  of  the  move- 
ments, he  thinks  them  so  iutertNting  and  im|M»rtant  that  he  n^<»)m- 
mends  them  to  the  mreful  <tudy  of  physicists  and  givmetriciauA. — 
Coinptt's  /w"/««/iw.  C. 
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Fossil  Oak. — A  sunken  oak  forest,  of  great  extent,  has  been  lately 
discovered  in  the  neighborhood  of  Rothenburg,  on  the  Fulda,  in  Hesse- 
Cassel,  from  two  to  three  meters  (6'562  to  9'843  ft.)  below  the  surface. 
It  appears  to  have  been  submerged  in  prehistoric  times,  in  consequence 
of  heavy  freshets  on  the  Fulda.  Some  of  the  trunks  are  of  truly 
colossal  dimensions.  The  wood  is  coal-black  and  extraordinarily  hard, 
— Fortschr.  der  Zeit.  C. 

The  Navisphere. — M.  de  ^lagnac  has  submitted  to  the  French 
Academy  an  instrument  for  navigators,  to  which  he  gives  the  name  of 
navisphere.  It  shows  the  stars  which  are  above  the  horizon  at  any 
given  moment,  and  determines  their  altitudes  and  azimuths  within  about 
1°.  It  also  shows,  with  the  Siime  approximation,  the  proper  course  for 
great-circle  sailing  from  one  point  to  another,  and  the  distance  between 
those  points  within  about  J  of  1°.  It  gives  a  ready  practical  solution 
of  spherical  triangles.  It  has  been  tried  upon  the  Washington,  of  the 
Transatlantic  Company,  with  such  favorable  results  that  it  seems  likely 
to  come  into  general  use.  [It  would  be  interesting  and  desirable  to 
subject  it  to  comparative  tests  with  Dr.  Thomas  Hill's  Nautrigon.] — 
Comptes  Rendus.  C. 

Transmission  of  Force  by  Electricity. — In  an  extended  com- 
munication ''On  the  transmission  and  distribution  of  motive  power  to 
a  great  distancie  by  means  of  electricity,"  M.  A.  Achard  cites  experi- 
ments of  MM.  Higgs  and  Brattle,  and  of  E.  Hagenbuch-Bischoff, 
Professor  of  Physics  in  the  University  of  Basle.  The  gentlemen  first 
named  used  Siemens'  machines,  and  found  a  maximum  efficiency  of 
from  39  to  49  per  cent,  when  the  rotating  velocity  of  the  receiver  was 
about  half  as  great  as  that  of  the  generator.  M.  Hagenbuch-Bischoff' 
experimented  with  a  Gramme  machine,  and  reported  efficiency  of  from 
65*9  to  93"o  })er-cent.,  the  force  being  increased  by  the  aid  of  a  brake^ 
a  method  which  Achard  thinks  objectionable.  He  recommends  sys- 
tematic experiments  for  the  following  purposes:  1.  To  ascertain,  for 
many  types  of  induction  machines,  and  for  the  principal  varieties  of 
each  type,  the  relation  between  the  intensity  of  the  current  and  the 
magnetism  of  the  induction  magnets,  and  to  seek  an  empirical  formula 
for  representing  the  relation.  2.  To  determine  the  rendering  of  the 
different  induction  machines  when  acting  as  generators.  3.  To  deter- 
mine the  rendering  of  the  same  machines  when  acting  as  motors. — 
-4/171.  des  Mines.  C. 
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Sinus-Manometer. — lulius  Tlionist,'ii,  of"  tlu*  I'nivorsity  Lal>«»ra- 
torv  ill  ( "i>|>«iili:i^<ii,  hits  contrived  ;i  new  maiiom«>t«'r  for  the  rn'-jisure- 
ment  of  sli^lit  <litfereiiccs  of  prtsstnc,  to  \vlii<li  In-  ;;ivcs  the  al>ovt' 
iiariic,  iK'cause  tlic  (lilfercnco  of  j)r(s>Mn'  is  proportional  t«»  the  .sine  of 
the  an^le  of  deviation  in  a  small  pendnhini.  ]W  it>  aid  it  is  easy  to 
observe  a  difference  of  a  difference  of  pressure  etpiivalent  to  a  colninn 
of  air  1  niillimetre  (*0.'>0  in.)  hijrh,  or  of  a  cohiinn  of  water  ^l,j  of  a 
millimetre  (nricTo  '*^  '^'^  inch)  hij:;!!,  a  de;;ree  of  delit-ucv  hitherto 
urd<nown.  It  can  also  l>o  employed  as  a  };:us  re«;iilator,  or  as  a  g'>v- 
<;rnor  (»f  ventilatini^  currents. — Ann.  drr  J*/iifs.  i/.  ('/mn.  C. 

Prediction  of  the  Microphone. — In  her  work  on  the  '*Physi(-al 

B;Lsis  (»f  IniMiortality,"  pMl)lished  in  1S7(),  Antoinette  iJrown  JJlack- 
well  .said:  "  it  remains  to  invent  .some  in.strument  which  c:in  so  retanl 
the  t(M)  rapid  vibration  of  moleeuU'S  lus  to  brinj^  them  within  the  time 
adapti-d  tohuman  ears;  tims  we  mij^ht  comfortably  hearplant  movements 
<'arryin<;  on  the  many  ])ro<'e.s.<es  of  jxrowth,  and  jtossible  we  miudit  catch 
tiie  crystal  music  of  atoms  vibratinir  in  unison  with  the  sunbeams. 
Sound  am  be  refnicted  by  p:Lssin<;  it  through  a  lens  which  retanl-  its 
motion.  Such  an  im|)rovement  u|)on  the  stethoscojM'  would  nvt-al 
phenomena  but  little  more  marvelloiLs  than  tho.se  alreadv  <«I1I  r.-d  ns  bv 
the  tele«c'o|)e  and  inieroseo|)e." —  Woiiuinfi  Journal.  C\ 

Electro-magnetic  Tests  of  Steel. — I>r.  A.  v-.n  Wattcnhofer 
pre,sente<l  a  communication  to  the  N'ienua  Aciulemv  in  l.s«i;{,  in  which 
he  pive  an  empiricjd  fornuila  for  tlie  relation  i)etween  the  streii'^th  of 
ft  ma<rneti/.inir  current  and  the  residtiui;  maLrnetic  moment  of  a  stei-l 
r(Kl.  Tiie  formula  containiHl  a  coefH<*ient  which  furnishe<l  a  ix'udv 
means  for  cstimatiui;  the  hardness  of  anv  >;iveu  simple  of  st<'el.  In 
1878,  A,  von  Kerpcly  criticizeti  tJio  theoiy  and  meth(Kls,  but  without 
-sufHeient  ("are  in  his  experiments.  Von  Wattcnhofer,  in  his  reply. 
ile-scriU's  a  dclic-.ite  balance'  (which  can  also  Ik*  readilv  uscmI  for  weitrh- 
ing  letters),  and  shows  the  importance  of  maintaining  i-onstancv  of 
current.  In  all  comparisons  it  is  nect>ssarv  to  have  all  the  «ircum- 
stanees  jus  nearly  alike  jus  potNsibU\  antl  to  avoi«l  anv  initial  or  rcsiduarv 
mat^netism  in  the  rods  which  are  subje^-ttHl  to  trial.  If  proj>or  pitt-ui- 
tions  are  observinl,  h«'  claims  that  the  results  will  be  nutre  consistent 
and  .sjitisfjictory  than  e-au  l>e  obtaine<i  in  any  other  wav. — Dingier x 
■  Journal.  C 
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Vienna  Academy  of  Sciences,  Jan.  16,  1879.  Pre-historical 
investigations  in  Lower  Austria,  Carniola  and  Bohemia,  by  F.  v. 
Hochstetter. 

Royal  Society,  London,  May  29.  Note  on  the  spectrum  of 
sodium,  by  J.  Norman  Lockyer.  The  metal,  after  slow  distillation  iu 
a  vacuum  for  some  time,  shows  the  red  and  green  lines  without  any 
trace  of  the  yellow  one.  Hydrogen  is  given  off  in  large  quantities; 
and  at  times  the  C  line  and  the  red  "  structure"  are  seen  alone.  After 
this  treatment  the  metal,  even  when  red  hot,  volatilizes  with  great  diffi- 
culty. 

LiNNEAN  Society,  May  1st.  A  paper  by  Thomas  Meehan  gives 
observations  from  which  he  deduces  the  conclusion  that  the  struggle 
for  power  between  the  vegetative  and  the  reproductive  forces  decides, 
fertility. 

Anthropological  Institute,  May  13.  Ethnology,  mythology 
and  philology  of  early  civilized  races,  by  Hyde  Clarke. 

French  Academy,  May  26.  Refraction  of  obscure  lieat,  by  M. 
Desains.     Determination  of  calorific  wave  lengths,  by  M.  Mouton. 

Imperial  Academy  of  Sciences,  Vienna,  March  20.  Relation 
between  heat  radiation  and  tenij)erature,  by  Prof.  Stefan.  Chemical 
composition  of  pyroxilin  and  formula  of  cellulose,  by  Prof.  Eder^ 
April  3.  Polar  actions  of  the  electric  current  in  striated  muscle,, 
by  Prof.  Hering.  Ditto,  in  muscles  deprived  of  nerves,  by  Dr.  Bie- 
dermann. 

Royal  Society,  May  15.  Capillary  phenomena  of  jets,  by  Lord 
Rayleigh. 

French  Academy,  June  2.  Ultra  violet  limit  of  the  solar  spec- 
trum, by  M.  Cornu.  Production  of  Widmanstaetten  figures  on  arti- 
ficial iron,  by  Prof.  Lawrence  Smith. 

Moniteur  Scientifique,  June,  1879.  Influence  of  change  of 
temperature  upon  the  deviation  which  inverted  sugar  produces  upon 
polarized  light,  by  Paul  Casamajor.  Acceleration  in  the  tanning  of 
hides  by  means  of  phosphoric  acid,  by  E.  Ador.  Use  of  anhydrous- 
chloride  of  calcium  for  preserving  steam  boilers,  by  M.  Burstyn. 
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CllKMK  Ai,  Six  IKT^',  .JiiiH'  0.  <  >ii  clilorstannic  aci*!,  l»y  J.  \N  . 
Miilht.  A  Ivtttlf  WHitainin^  a  stnjiij^  dilution  of  .stannoas-i-hloride, 
after  st;m<lin^  for  a  ywir,  ile|>Ofr>iU'<l  a  transparent  jelly-liki-  -ulj^tanc'e, 
which  prov^l  to  lie  SnO^JICI. 

Phvsh'al  .Smiktv,   May  24.      N«\v   in<hittiou   lialanrr,   l»y    l*n»f. 

.Vmi;ki(  AN  Academy  ok  Aris  am>  SciEXCEh,  May  11.  Two 
new  proijfs  of  the  tliinensioiw  of  inohnuk^.,  hy  X.  D.  (.*.  IIo<lj^<2^ 
New  form  of  photometer  for  niwusurin^  the  lifi^ht  of  a  nehulif  or  comet 
by  a)mparison  with  a  star  tlirown  out  of  ftxiis,  hy  I*rof,  Pickwinj;. 
The  metho<l  employe<l  eliminati-s  the  effects  of  miKMilight  or  tuili^ht. 
New  meth«Kl  of  studviiii;  wa\<'  iMoti<m  and  vihration.s  on  the  suriaee 
of  mercury,  hy  l*rof.  John  Trowhridge. 

Geoi/xjioal  Society,  June  11.  Further  di.scoveriee  in  the  Cress- 
well  cavt-fl,  l>v  Iioy<l  iXiwkins  and  J.  M.  Mello. 

PnvsicAF,  SociETS',  June  14.  l*hin  for  suppressing  the  in«luetion 
<listurl»anc»'s  in  a  telephone  circuit,  hv  Prot'.  Maclean!.  KxiKriinent.-* 
on  the  M'lisitivencss  of  ele<-tric  di.s<-har<re>  in  vacuum  tulM-s,  hy  Mnulton 
and  SjMjtti.sw(>o«Ie.  Tinwes  of  oxv^en  and  (tirljon  in  the  sun,  hy  I)r. 
Iltiiry  DrajKT  and  .1.  Norman  I^K-kyer.  Mr.  r>o<kyer  i-on^mtulateti 
>-ol;ir  science  on  havinj^  so  ahle  a  worker  a>  Dr.  I)nij)or. 

Fkkn(  ii  AcADE.MY,  June  Hi.  Influence  of  media  on  the  structure 
(»f  ro<»ts,  by  M.  Mez.  M(Hlific:ition.s  in  the  up{)arent  color  of  flowers 
by  the  ekn-tric  li};ht,  by  M.  Hupt, 

Sm.f.fman's  Joi'ifNAL,  July.  New  form  of  s|>e««tromet<T.  r\nd  dis- 
tribution of  the  intensity  of  light  in  the  s|HH'trunj,  by  .1.  \\  .  Drajur. 
Progress  of  experiment.^  for  comjiaring  a  wave-length  with  a  metre, 
by  C\  S.  Peirce. 

I>)Ni»o.v  E.  andD.  Pmi..  MA«;.,July.  New  theory- of  tern-st rial  mag- 
netism, by  Prols.  Perry  and  Ayrton.  ( )n  elei-tric  iMHUidary  layers,  by 
Prof.  Jlehuiioltz.  (From  the  FebriuiryMonatiiU'richt  «>f  iJic  liwliM 
Aaulemv.) 
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Annales  clu  Genie  Civil,  on  Receiiil  de  Memoires  sur  les  Fonts  et 
Chaussfees,  etc.  Paris:  E.  Lacroix,  1862  to  1871  inclusive.  28  vols. 
Plates.  From  Lewis  S.  Ware. 

Souvenirs  de  Marine  Conserves,  ou  Collection  de  Plans  de  Navires 
€t  de  Bateaux  de  tous  les  pays.     Par  I'Aniiral  Paris.     1877. 

From  the  Author. 

Annual  Report  of  the  Chief  of  Engineer.     1878.     In  three  parts. 

From  the  Chief  of  Engineers. 

Chronological  History  of  Plants.  By  Charles  Pickering.  Boston, 
1879.  From  Mrs.  S.  S.  Pickering. 

Fiftieth  Annual  Report  of  the  Board  of  Commissioners  of  Public 
Schools  of  Baltimore  for  1878. 

From  H.  E.  Shepherd,  Sup't  of  Instruction. 

Improved  Dwellings  for  Laboring  Classes.     Pamphlet  on. 

From  R.  Grimshaw. 

Memorial  ^\.ddress  upon  the  Character  of  Morton  McMichael.  By 
•J.  W.  Forney.  From  the  Author. 

Crofutt's  New  Overland  Tourist  and  Pacific  Coast  Guide. 

From  E.  A.  Crofutt. 

Mechanical  Refrigeration.  Part  14.  By  J.  J.  Coleman,  of  Inst, 
of  Engineers  and  Shipbuilders  in  Scotland.     Glasgow,  1879. 

From  the  Author. 

Abstracts  of  Papers  in  Foreign  Transactions  and  Periodicals.  Ex- 
cerpt Min.  of  Proceedings  Insi:.  of  C.  E.     London,  1879. 

From  the  Institution  of  Civil  Engineers. 

Equatorial  Fundamental  Stars.  By  S.  Newcomb.  Washington, 
1872.  From  the  U.  S.  Naval  Observatory. 

Specifications  and  Drawings  of  British  Patents.  Vols.  13  to  21 
and  23  and  24.  Nos.  1201  to  2100;  Nos.  2201  to  2400.  March- 
June,  1878. 

Alphabetical  Index  of  Patentees  and  Applicants  for  Patents  of 
Invention  for  the  Year  1878. 

Abridgments  of  Specifications  relating  to  Purifying  and  Filtering 
Water.     Part  2.     1867—1876.     Also, 

Agriculture.  Div.  2.  Barn  and  Farmyard  Imjjlements.  1636 — 
1866. 

Disclaimers  and  Memorandums  of  Alterations.  No.  2520,  of 
1867;  No.  3437,  of  1869;  Nos.  279,  861  and  3761,  of  1875;  Nos. 
1900  and  4824,  of  1877. 
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ARTIFICIAL  FUEL  MAKING  IX  ElRorK. 


\W    IvoMKin     (luiMSIIAU,    1*11.1). 


TIk'  " briijUt'tto "  or  MikU  td'  liuuprcsH.tl  coal,  itx  geiienilly  iixtl  in 
Eiiru|)e,  is  c<)m|K>s<.'<l  of  fiiu'  ('(uil  <lust,  with  a  "Ixmd"  or  ('ciHeiitin^ 
substiUKv  of  pitch.  This  rtiu'  coiil,  oft<'ii  of  dittcrcnt  kiiuls,  ;t<  fatt\  or 
jKM>r  coal,  lignite,  et<'.,  nuncs  to  the  hriijiuttc  fa<torv  soiiu'tiims  \\a>luil. 
soinetiiiK's  lunvashcd  ;  ami  coiitaining  a  certain  proptrtion  of  ash  ;  ami 
the  mixture  of  thcs<'  varioii>  kinds,  in  j)roportions  ih't<'rniinf<|  Indole— 
hand,  or  even  varying  during  the  couinc  id"  nianufactuiv,  givt-^  a  And 
suit<Hl  to  tilt'  ncwis  of  various  indiistrit^s. 

The  pitch  is  the  residue  of  distillation  of  coal  tars;  it  is  entplovetl 
in  the  solid  state,  broken  in  partichs  alM)ut  the  size  of  tluisc  of  tin 
CMuil  it  is  to  aggloinerate,  and  it  m^juires  its  (rnieiiting  pro|M'rtie>  at  a 
temiK'rjiture  of  al)Out  80°  to  100°C.  (176°  to  212°F.). 

IVdore  s|H'aking  of  the  bri<iuette  ina»*hine  j)ro|HT,  it  will  U'  wt-ll 
t<»  des<'ribe  i-a|)idly  the  suiH'cssive  o|H'nitions  entering  into  th«'  nianutiu-- 
ture  (d'  coiiipn^.-M'il  tiiel,  as  carricnl  on  in  Kuro|»e,  and  the  anxiliarv 
ntachinery  us<><l  therein. 

The  pitch  is  broken  (ot'teii  in»Kt><l,  pulveri/.i'il) ;  then  the  dirten-nt 
kinds  of  fine  eoul  arc  weighwl  and   pn»|Kirtione<l  ;  and  all,  emils  and 
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pitcli,  are  immediately  mixed — and  in  some  establishments  reduced  at 
the  same  time  to  a  homogeneous  powder. 

This  mixture  is  gradually  brought  by  steam  jackets  or  jets  to  the 
temperature  necessary  for  the  agglomeration  to  take  place,  is  next  put 
into  a  mould  and  highly  compressed,  then  extracted  from  the  mould 
and  shipjjeil. 

All  these  operations  are  done  mechanically  (although  at  the  cele- 
brated estiiblishment  of  Monsieur  Decauville  ain^,  at  Petit  Bourg, 
Seine  et  Oise,  the  moulding  is  done  by  a  hand  tamper,  as  the  blocks 
are  small,  are  not  subjected  to  a  rough  usage  and  are  used  at  once  at 
the  place  of  manufacture).  The  workman  has  but  to  superintend  the 
lubrication  and  general  working  of  the  machines. 

The  machines  are : 

(1).  The  pitch  mill ;  about  like  an  immense  coiFee-mill,  and  com- 
posed of  two  truncated  cones  of  cast  iron,  one  solid,  the  other  hollow ; 
the  latter  fixed,  the  former  movable,  and  both  armed  with  projections 
or  teeth,  \\hich  break,  between  them,  the  pieces  of  hard  pitch.  The 
broken  pieces  ai*e,  of  couree,  of  a  degree  of  fineness  depending  upon 
the  distance  between  the  two  cones,  this  being  adjustable. 

In  some  estiiblishnients  a  complete  pulverization  is  required;  and 
then  the  pitch  passes  from  the  conical  mill  into  a  '*  Carr  "  disintegrator. 
This  machine  is  a  very  well  known  concussion  disintegrator,  unneces- 
sary to  describe  here.  There  are  modifications  of  it  made  in  this 
country,  which  should  answer  equally  well. 

The  proportioning  of  the  pitch  is  done  in  a  measurer — a  cast-iron 
cylinder  box  having  a  horizontal  axis,  and  partially  closed  at  one  end, 
while  open  at  the  other ;  in  this  there  turns,  on  the  same  axis,  an  endless 
.screw  of  cast-iron,  taking  up  *^he  material  entering  by  the  closed  end 
and  pushing  it  out  at  the  other.  This  box  is  surmounted  by  a  hopper 
kept  full  of  material ;  and  it  is  easy  to  see  how  the  quantity  of  pitch 
distributed  at  each  revolution  of  the  screw  corresponds  with  a  con- 
stant volume,  depending  on  the  diameter  and  the  pitch  of  this  screw. 
Belts  and  conical  pulleys  give  different  .speeds,  and  thus  enable  the 
quantity  and  proportion  of  pitch  to  be  changed,  even  while  the 
machine  is  in  motion. 

The  various  kinds  of  coal  are  weighed  out  in  proper  proportions, 
and  mixed  in  a  special  measurer ;  so  that  the  coal  and  the  pitch  leave 
their  respective  measurers  in  suitable  proportions,  and  arrive,  by  sheet- 
iron  trouglis,  in  the  hopper  of  a  Carr  disintegrator  of  great  diameter, 
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wliich  tuni>  ui  ;i  iiKxleraU*  siM.t,-*!,  uiul  ttli-^L-  an  ititiiiiati-  mixture  ut 
the  niutcriuU,  without  pulveri/iii^  tlieiu  Un*  luurli.  In  »nuill  i?ital>lii«h- 
in<'nt><  th«.'  niixttin'  i>  «'rt«-«'tcHl  in  «'ylin<lri(-il  'h«*ct-iri»n  ho|)|M-r>  in  \vhi«li 
th«-  iMat4i'i:il  is  pii^hnl  hv  arni.»  tixf^l  on  an  a.\i^  <»t'  rutatinn,  an«i 
appruxiniatiii)^  in  their  arranj^*nient  and  erte<'t  the  jiftion  of  a  -ii-n-w. 

The  pHMlucts  arrive,  niixe<l,  in  a  trough  ;  an<l  a  Ult  ami  hurket 
eU'vator,  or  a  " /lonV/,"  takes  them  up  and  di-Mharp-?-  th«ni  in(<'  \\\> 
mixer  of  the  e<»mpn»w<)r,  or  the  hriquett«?  machine  |»n»per. 

It  is  alno  hy  nutans  of  endlesH  chains  that  the  eoal  and  the  pitcii  an- 
taktii  from  ea<li  of  the  pni-eflin^  a|>|>uratiis  to  theone  following,  when 
thes4"  are  in.stalhil  on  the  same-  level  ;  hut  thes<*  orjf'Ui*  <iin  Ir*  •'Up- 
j>re8M'<l  by  so  arran^in^  the  establishment,  :e«  in  a  ^upir  n-Hnerk',  tliat 
the  materials  desi-t-nd  l»v  ^'p.ivitv  in  .Hue«"es>iNr  i-tM-adi-s,  a.-  it  wen*. 

TIh'  bri(juett«'  miu'liine  of"  th«*  "  Sw-iete  Nonvi'lle  dt-s  For^^  et 
<  'iiantiers  de  la  Mdditermnde "  is  shown  in  two  se<iioi»s,  in  Fijf. 
1.*  It  is  a  nuNliHtration  of  the  Max4-line  an<l  C'odv  c<imprt>sin^ 
machine,  well  known  in  Kun»|)e  in  thi>  iiulustr}'.  Jiy  the  Patent 
( )ttice  cliL'ihittcation  it  would,  a'<  now  built,  Ik*  c«>usiden'd  as  a  duplex 
hydniulie  mm-hine,  with  hori»intal  mould-tables,  ntiitinuous  moulding 
and  sinti'ssive  pHnluction. 

It  dirters  from  the  oM  ty|M-  ot"  machine 

Ist.  In  oonsiiiting  of  two  .S4.*|iarute  machine>,  which  <-iii  U-  worked 
either  or  lH)th  at  will,  tlin*  |>ermittin^  one  to  work  at  normal  U-lt 
sjM'tHls  on  half  ppnluction. 

2<l.  In  emph»yiiij5  hydraidic  pressure.  Thas,  whih-  in  the  Mjuudiik- 
machin«s  the  compnssion  is  by  stiiun  pisttuis  acting  on  a  lever,  ami 
rea«ht!s  a  nuixinuun  of  1>0  kilogranunes  jter  .s<jminMvntimetre  (sav  12tN> 
11*?.  |H.'r  .s<|uare  inch)  of  horizontal  s<i'tion  of  the  bri<|uette — it  varie«  in 
the  new  uuu'hiiie  fn»m  1(K.>  to3(K)  kih>gjiuumes  pers«|u;u-e«vutimetre  of 
the  sjime  s^t-tion,  and  without  rittMirse,  as  we  shall  s«t'  later,  t4»  the  -.pe^ial 
pump-,  a«'<umulat«)rs,  etc..  which  accom|t;iny  livdniulie  machiner\  of" 
all  kiu<ls. 

This  jigglomeniting  machine  consiM>  «»f : 

1st.  \  mixer  A.  Thi>  is  a  hirge  vertiml  wn»ught-inin  c\  linder  in 
which  the  nrnterialsare  brought  gnuiiudly  to  a  tempt-mtun-  -uitable  tor 
agglomenitioii.  It  is  i-omixihcil  of  a  doubh*  envelo|»»-  in  which  cinulatt*. 
>teiim,  whi«h  kee|)s  the  walls  at  a  high  tem|Kniturr.  On  the  sjuiie 
axis,  as  the  cylinder  turns  c*»ntinm»as|y,  a  vcnitiil  .-^iuit't,  arme»i   with 
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blades,  aa,  which  divide  the  materials,  mix  them  and  knead  them. 
Jets  of  steam  are  let  in  at  the  same  time  by  o|)enings  shaped  like  rose 
sprinklers,  and  so  placed  on  the  walls  as  to  surronnd  the  materials  on 
all  sides  during  the  mixing,  and  to  heat  them  by  giving  up  all  the 
very  considerable  heat  (530  calories).  When  the  material  appears- 
sufficiently  hot  or  agglomerant  (which  the  ^vorkman  can  readily  see  by 
taking  some  in  a  shovel  and  pressing  it  with  his  hands),  he  opens  two 
doors,  66,  in  the  lower  side,  and  the  material  falls  into  the  distributing 
apparatus. 

2d.  The  Distributor.  This  serves  to  distribute  the  paste  into  the 
moulds.  It  is  composed  of  a  ca.st-iron  chamber,  in  which  turns  a  rake 
or  scraper,  of  which  the  arms  c  sweep  the  material  into  the  moulds^ 
which  pass  under  the  distributor  and  are  there  completely  and  uni- 
formly filled. 

3d.  Mouldinf/  and  Discharging  Apparatus. — One  on  each  side  of 
the  filler,  and  under  it,  are  two  rotating  "  uiould-tables,"  Avhich  are 
heavy  disks  or  plates  of  cast-iron,  bearing  on  their  plane  faces,  near 
their  circumferences,  a  circle  of  angular  recesses,  faced  with  steel  and 
corresponding  to  the  form  and  dimensions  of  the  block  or  "  briquette  "' 
desired.  These  mould-tiibles  have  an  intermittent  motion  upon  a  ver^ 
ti("al  axis,  forming  })art  of  the  bed-plate  of  the  machine,  and  carrying 
with  them  rect-mgular  compressing  blocks  or  pistons  placed  in  the 
recesses  or  moulds.  These  blocks  rest  upon  and  slide  on  horizontal, 
circular  inclined  planes,/,  which  form  part  of  the  foundation  of  the 
machine,  and  which  give  to  the  blocks  a  rising  and  falling  motion  ia 
the  moulds. 

Following  one  of  the  moulds  during  a  revolution,  we  note  that  the 
mould-table  is  stopped  when  each  mould  is  under  the  distributor ;  and 
in  this  positi(m  of  mould  the  piston  is  at  the  bottom  of  its  course,^  and 
resting  on  a  horizontal  plane.  The  material,  pushed  by  the  scraper  of 
the  distributor,  fills  the  mould  completely.  The  rotating  mould-table 
starts  off  and  then  stops — the  mould  is  still  under  the  distributor ;  the 
piston  block  has  slid  along  the  horizontal  part  of  the  track,  in  case  the 
mould  Avere  not  perfectly  filled  at  the  first  stoppage,  the  filling  con- 
tinues and  is  surely  finished.  At  the  next  movement  of  the  mould- 
table,  the  mould  passes  under  a  compression  surface,  D,  the  block 
mounts  the  inclined  plane  and  thus  lightly  compre&ses  the  paste.  This- 
"  initial  compression  "  is  highly  advantageous,  bringing  the  paste  to  a 
compact  condition,  and  in  the  case  of  moist  coals  (most  coals  are  moist) 
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<'X|)r<5MMiiij;  iin»*t  <»t"  tlir  wat«T.  It  al>M>  wivt*  u  go*!  •h-ul  i»r  Um*  jx»w«t 
nHjiiin-il  fur  tin-  Ih-jivv  (••»mpn'>v"«ioii,  li^  in  u-iiij;  tin-  tiill  I'onv  »if  the 
jiuK-iiiiic,  to  ••t!i'<'t  li|;lit  work  onlv,  iimi<'Ii  fori"*-  woiiM  U   >\;u«t«il. 

J'Im!  inoiilti  rcrtt."  iumIit  tlic  «-oiu|»n>*«ioii-tuJilf,  ami  tin-  lil««k  o»iu- 
j>U't<>i  the  iiiitial  4'«>iii|>n?M»ii  \t\  finishing  the  a-ni-nt  ot'  tin-  inrlim<«l 
|ilan«',  an«l  then  |iumh-h  on  to  u  horizontal  |>hin«-  or  tru4-k  on  thi*  li*v«-l 
«»f  the  hvdnnilir  pnrrv.  In  the  n«'xt  movement  ol"  the  intorniittentlv 
rotating  monltl-lul>l<-  the  pinton-hlock  |mi/«4^  niMler  the  \tTvr*>  or  mm, 
K,  iui<l  (luring  the  next  time  of  ttopiiagv  Im  f'unvd  in  l>y  the  phing«r, 
7,  thiL><  |M»\vert'ulIv  eompn-jv^ing  and  agglomeniling  the  |u/>te. 

The  interiiiitt4-nl  movement  ot'  the  mouM-tultle  eontiniiiug,  the 
jiiouM  i-onie^  fn>ni  under  the  etmipn-^nion  phit^-,  tiie  hhw-k  piittun 
Jno(illt^  a  .•H'<'«Mi<I  inelineil  phim-  and  ^ai^4■>  the  Hni.»he<l  l>ri<|Uett4-  in  thv 
mould  ;  HO  that  hv  the  time  the  tahle  ha«  made  a  •x-mi-nitution  tlie 
i»lo<-k  in  entirely  freu  from  the  mould,  and  a  "  met'hunieiil  luin«l  "  tak*-^ 
it  otr  the  tahle  and  |)UtM  it  on  an  endh^v  ehain,  H,  to  Im'  ciirrieil  av\a\ . 

Ith.  Tlu  ( 'iHiiftn/tMnr.  This  essential  |>art  of  the  imu'liine  eoiiniot- 
x-tf  a  e«•mpre>^ion  plat4-  I>,  hfld  l>v  -trong  \vn»nghl-ir«>n  pillars  or  l>ult'*. 
Ii^  Im  the  foandiition  plat4-   and    t<>  the   -t«':im    and    hydntulii-  eyliiMlen* 

"whieli   product'  the  eompreKsion. 

The  ♦•ylinder  J/,  alH»\r  rh»'  •••»mpn'?N>ion  tjihle  i«  a  .Hitum  eyliuiler,  it- 
jii-'fon  nxl,  li,  S4'rving  :ux  tin-  plunger  of  a  hydruuli<-  pump,  /,  reHling 
on  the  iN-^l-plate.  In  eommuni«':ition  with  the  pump  i-  the  hvdraulie 
nim  «tr  p^t^?*,  A'.  Al>ove  the  ^t«-am  <'ylinder  and  i»n  the  ?>ume  axis  i-  « 
eyliuder  of  leiMT  diameter.  A,  having  its  lower  eikl  alway- in  eonimu- 
nieution  with  the  ntiiim  >upplv  pi|N>,  »o  that  there  U  a  eoiLotani  pn^w^un- 
teudiug  t4»  k«vp  the  ste:im  and  pump  pi-i4ino  at  the  up|H-r  <-n4l  of  their 
Mtntke^  and  tLe  pn'M^-nim  at  htwer  4i>nrx4-. 

The  Mlmm  eyliuder  is  H(ippli4>«l  with  a  steam  ehe»4  ami  a  slide-N'ulve, 
K,  uetuated  hy  an  e<H-entri4-,  having  a  nu»tion  pr«i|M»rti4in4<«l  i4)  that  >>( 
tlx-  iiitrrmitl4-titly  nitating  mouM-tahh*.  A-*  «-}u-li  mould-ldoi-k  otiii*^ 
iiiuhr  iL4'  press  tiie  slide-valve  4>|ienx  the  HtlmUsittu  |»ort,aiMl  the  stt*am, 
U4-tin^  Mn  tin-  up|M-r  fa4V  of  tin*  piston,  4lrives  theotinim  an4|  pump  pi*- 
toUH  tUimn,  aud  the  water  pn?vHur\-  tniii^mitteil  to  tin-  rum  <^m-*>  tin 
'^MupruMina.  The  Hlidi»valv4-  then  nhut^  the  hUvuu  |Min.-  and  4»|Hn<. 
the  4>xhaD»l  jmrt  ;  the  pi.st4»n  4»t  tin-  '»mall  st«"jim  4  \  lin«ler  r.ii'^>  llu 
><yst4'm  t4>  il^  tirst  |MMiti4»n.  lietween  tin  pump  ami  the  hy4lrauli(  prt-:^^ 
in  u  valve  Imx.  L,  ixuitaining   tW4»  4'lap|M*t    valvt?^— ttiie,  /.  hehl   in   its 
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seat  by  adjustable  springs,  and  the  otlier,  m,  able  to  lift  freely  and  let 
the  water  return. 

The  water  forced  by  the  pump  lifts  the  spring  clappet  before  acting 
on  the  press,  so  that  in  case  the  distribution  of  the  paste  in  the 
moulds  is  stopi^ed  or  incomplete,  and  in  consequence  the  eiFect  of  com- 
pression is  suppressed  or  reduced,  the  resistance  experienced  by  the 
water  in  lifting  the  clappet  prevents  too  rapid  a  movement  of  the  pistons 
and  plungei"s  from  causing  shocks.  The  return  valve  permits  the  water 
to  pass  freely  from  the  press  to  the  pump  in  the  next  movement.  It  is 
easy  to  understand  that  this  disposition  renders  the  movements  of  the 
organs  of  compression  independent,  in  a  great  measure,  of  the  regu- 
larity of  distribution  of  the  materials  in  the  moulds.  In  case  the 
pistons  arrive  at  the  end  of  their  stroke  with  some  considerable  speed, 
as  always  takes  place  at  the  upper  end  of  the  stroke,  their  momentum 
is  taken  up  by  spring  buffers,  n,  o,  in  the  upper  part  of  the  large 
steam  cylinder  and  the  lower  part  of  the  little  one. 

Another  part  of  the  compressor  is  a  valve  box  M,  communicating 
with  a  water  tank  and  containing  a  safety  valve  held  by  a  weighted 
lever,  and  which  valve  is  lifted  ^hen  the  pressure  of  the  water  in  the 
hydraulic  press  passes  any  given  limit.  There  is  a  second  or  suction 
valve,  which  allows  water  to  pass  from  this  tank  into  the  hydraulic 
pi])es  to  compensate  for  losses. 

oth.  Organs  of  Movement  or  Driving  Parts.  The  intermittent 
motion  of  the  rotating  mould  tables  is  produced  by  two  paAvls  acting^ 
on  cast-iron  teeth  on  the  crown  of  the  mould  tables  and  corre- 
sponding with  the  moulds;  these  pawls  are  actuated  by  the  connecting 
rods  of  a  crank  shaft  p  so  that  each  turn  of  the  axis  causes  motion  of 
one  table  and  rest  in  the  other.  The  crank  shaft  is  driven  by  bevel 
wheels  q  and  a  pulley. 

The  auxiliary  appai-atus  have  (as  has  the  main  machine)  fast  and 
loose  pulleys  and  projjer  striking  gear,  and  they  receive  motion  from 
the  main  driving  shaft  of  the  factory.  All  the  transmission  is  by 
means  of  belts,  and  the  tension  and  the  belt  lacings  or  fastenings  are 
arranged  so  as  not  to  exceed  in  strength  a  certain  limit;  so  in  case  the 
apparatus  is  stopped  by  the  presence  of  a  foreign  body  in  the  coal  or 
in  the  pitch,  the  belt  breaks  or  slips  and  no  damage  is  done.  There 
are  of  course  necessary  the  suitable  boilers  and  driving  engines. 

I  gave  above  the  degree  of  compression  which  could  be  obtained  ; 
here  is  a  table  of  the  production  for  twenty-four  hours  of  the  different 
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niao*  of  tiuM  a|>|Kirat(i>,  tin-  si/A>  li«iii^  iiuiitul  ufu-r  the  wt'ij^hl  of  llu- 
hl<icks  |>r<>(lu(*(-<l.  It  i>  iiitt  vc*r}'  iiux^sr^irv  t<*  n-iniixl  <>ii«-  tluit  tix 
.•single  nuu-hiiH-  lias  l>iit  one  moiiM  taM*-. 

S\rA-  of  iiim-liiix-  I'mtliictioii  in  'J4  h<jtir». 
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WvJKtit  uf  l>l<ick». 
10*      kil«»^raiiniu's  =  2li"        ll*-.  JJM)  toiw.  •^'  t«Mw. 

5-  "  =     11 

2-5  "  =    055     " 

1-25  "  =    0-275  " 

The  inm-hiiH'  <l<s<Tilx'(l  ('orn|)n>?v«'s  it."  own  wator  ii^  n'^jiiirvd,  hut  it 
Is  evulnit  that  if  it  wwv  {\vH\n'*\  one  *"<»iil(l  utiliw  a  natural  h<iMl  of 
WHt<'r  «»r  <lni\v  \\\v  watrr  fmrn  an  a<'«MiniuIatf»r  or  from  anv  (ithrr  •<<»unx? 
of  Ii<jui<l  under  pn-s.'^nr^-.  In  thi.x  way  the  stt-ain  (yHn<Kr^  and  the 
punip  are  oniitte<I,  the  hydniulir  pro>«  ln'injf  n'taineil  an«I  «uppli«*<l 
with  a  (liMtrihntion  rhe-t  having  a  xnitahle  sli«le  valve. 


Fio.  '.i— Ciirv*'  of  S(«itiii  <'vliii<ler. 
S-ale  «if  |in>Mturv*i,  7  iiiiii.  =  I  kiloft. 
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tn..    >.      <  iirvf  oi    lly.iraiiiu-  i'rfw*. 
Smle  of  |in'*Minw,  O-"  nun.  -=^  1  kilnf^. 
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Kn..  .'». — Curve  of  Hydrnulir  Piv.. 
Srmlf  of  prpi^nire*.  n-7  mm    —  .'{  kiKv'. 


I  shall  now  j^ive  an  lUHi^unt  (if  .s«Mne  e.xpt'rinu-nt.-  nuule  for  the 
"SK'iete  <les  Fi»r>jes  et  ('luiiition*,"  l»y  Moit*..  Tiern-  Sipuidy  ;  with 
the  ei»nelnsit)n.>»  to  whieh  he  wits  leil  in  the  dinvtion  of  «<«»nonty  <•! 
stwini  and  of  water  in  the  apparutu.s  jast  tlestrilKsi.  Mr.  ."^i^audy  has 
made  in«lieat«tr-<'nrv«">  >h«»winj;  >iniullane«»u>ly  the  work  in  the  -fe:in» 
eylinder  and  the  rt^^istantx-  in  the  hydrauiie  pri*vs, 

Fiffs.  2  and  ''\  show   a   s<Ti»si  of  mean  eurvw*  i»l>t}iiiM<d  with  a   |KL»t4- 
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and  general  conditions  giving  good  products ;  and  the  dotted  lines 
show  curves  sensibly  approaching  those  obtained  with  feebler  pressures, 
but  on  the  same  j)aste. 

Figs.  4  and  5,  as  well  as  the  dotted  lines,  show  a  second  series 
of  curves  obtained  with  a  '^  leaner  "  paste,  that  is  to  say  one  containing 
less  pitch,  and,  in  consequence,  requiring  more  pressure. 

The  working  pressure  is  proportional  to  the  rectangular  surface  2 
and  4,  and  the  resistance  to  the  surface  of  the  curves  of  3  and  5.  It 
is  easy  to  comprehend  that  on  the  scale  of  the  curves  3  and  5  the 
working  forces  could  be  represented  by  rectangles  having  for  sides  the 
maximum  abscissas  and  ordinates  of  the  curves ;  admitting  what  is 
theoretically  exact  and  sufficiently  verified  in  practice,  that  at  the  end 
->f  the  stroke  the  total  pressure  in  the  steam  cylinder  and  in  the  hydrau- 
lic press  are  in  inverse  proportion  to  the  space  traversed. 

The  general  appearance  of  the  two  curves  is  the  same;  but  the  laws 
•<if  the  variations  of  pressure  are  different. 

Without  going  into  the  cause  of  this  difference,  depending,  evidently, 
on  the  compressibility  of  the  paste,  we  can  lay  it  down  that  the  ratio 
■«>f  the  resistiince  to  the  force  expended  is  very  feeble  ;  and  the  "  Soci^t^ 
des  Forges  et  Chantiers  "  thought  that  there  was  need  to  improve  their 
new  apparatus  in  order  to  get  better  economic  results. 

In  studying  the  problem  from  a  general  point  of  view,  let  DC,  Fig.  6, 

J)e  the  stroke  of  the  hydraulic  press ;  and  CB  the  constant  pressure  of  the 

inflowing  water.     The  rectangular  surface  A  BCD  represents  the  work 

•expended;  and  the  surface  of  the  curve-diagram  DEFBC,  the  resist- 

D  F'F^RC 

ance.     The  ratio  of  these  two  surfaces, will   be  the  duty  of 

ABCD  ^ 

the  machine. 

We  shall  obtain  the  same  work   of  Fio.  6. 

compression  if  we  replace  the  constant 
pressure  CB  at  first  by  a  feebler  initial 
pressure  DG,  then  when  the  ram  has 
traveled  the  space  DH,  by  a  second 
pressure  HI,  and  finally,  after  the 
course  DK,  by  a  i)ressure  KL.  The 
work  expended  in  this  case  will  be 
ecpial  to  the  surface  of  the  three  rectan- 
gles DGEH,  HIFK  and  KLBC ;  and  it  is  easy  to  understand 
that  in  this  wav  the  dutv  of  the  machine  will   be  greatly  increased, 
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and  wojiM  Ix-  still  fiirtli<r  iiwriitso*!   by  iinn-jf^iii^'  tin-   mimlHr  *A   -n<  - 
("♦•ssivc  pn-sKuro. 

'i'lio  meclianu^il  arraiij^tMiHiit  by  which  thi.»  i-«  in^*!*****-*!  t<»  In- erti^-t»"«l 
hy  the  ''Sxit-te  <h>s  For^ro  <'t  Chant  i«'i> "  jrivc-^  two  •*ii<ti'j<*iiv«'  aii«i 
iii(n«Hiii^  hvilniiiiir  pn-fv-^un-s,  in<U-|Mn<](>iit  of  the  initial  w«'«ljn-pn**- 
sure  given  l)y  muann  of  the  iiwIiiMHi  plaiK-. 

Th«' wonomv  f»r  steam  r«>ultiii;r  t"r<>tu  tlii>  arr-iiip-imnt  i«  f<>ii"i«l<i- 
ahle.  In  making  the  calciilatioii^  from  the  nirv**?..  Iku-*-*!  on  a  pn-tf^nn- 
of  50  kilojjjniniine**  |)er  Hf|uan'  centimetrt',  the  wei^rht  ex|MMMle<l  \n-r 
stmkc  of  pinton  is  j^  that  to  ol)tain  the  sinie  ryj^nh  with  a  sinjrle  |»n— 
sure;  an<l  for  a  pressun-  (tf  KM)  kilojrranimr*.  jht -Mjuan-  «vntimetre 
(say  1375  11)^.  jmt  stpian*  in<'h),  the  exixiKJitMn-  i*  n'«lu<-e<l  t«>  2<)  |>er 
<x;nt.  of  that  indicate*]  hv  curve  4  ;  that  i-  to  <i\\,  a  mean  «'c<»noniy  of 
j{  the  st<'am. 

The  new  machine  is  repn-nent***!  in  se«-tioii  an<l  ehvation  in  I' ijr*-  « 
an<l  H.  In  comparing  it  with  Fig.  1,  we  h**'  that  the  ttro  stiiim  <ylimler^ 
(tin' conipn>s.sioii  cvlimler  an«l  the  auxiliary  ^t^-jun  cylinden  an-  n-plac»il 
l»y  a  single  steam  cylinder  .1,  of  whi<h  the  pistou  c:ini«->  an  expaiv»ion 
joint  a,  and  which  re<«iveH  the  sti-am  hy  a  d«»ul»le  |K»rte<l  slide  valve  h. 
The  |)lnnger  pump  i«<  rephu-tnl  hy  a  ])iston  pump  H,  having  a  valve 
■chain Ut  C.  Finally,  for  the  huft'ers  in  the  sti-am  <ylinders,  then-  i- 
sul»stitute«l  a  single  Ih)x  contiiining  a  ruhlx-r  hl«N*k  />.  in  fnll  -itrhf  and 
<x)ntrolal)le  M'hile  the  machine  is  running. 

The  HH'tion  of  the  pump  pistou  i"  >uch  that  with  the  -t«-.iiu  actiuir 
al)ov«'  the  steam  piston,  the  pr«>»ure  of  the  water  under  the  pump  pi>- 
tou  corn's|><>nd^  to  the  first  re«'tangle  in  hnikeii  line>.  The  s«'«'tion 
•of  the  pump  |)istou-nM|  is  such  that  the  pn'ssun-  of  the  water  in 
the  pump  will  In*  the  maximum  desiretl,  if  tluH  steam  aetnl  as  the 
plunger  of  a  hvdraulic  pump.  This  pump  i«*  in  e<»nununic»tion  with 
thf"  hydratdic  prt'ss  hy  the  pitssage  ('. 

.Suppo>e  the  stnim  admitted  hy  the  uppiM-  |M>rt  of  the  «.|ide  valve,  the 
pump  piston  des4vnds  and  c»»m|>n>?vs*'s  water  in  the  prft*«  at  the  Hn«t 
pn-ssure.  At  the  s;une  time  the  space  which  would  otherwi-^*  l»e  left 
void  alntve  th«'  |>ump  pi>ton,  i>  kept  full  l»v  m«>:ui-  of  a  \:dve  »/  in 
<-ou)n)unication  with  a  ><upp]y  tank. 

As  s<Mtu  a>  tlu"  resistan*-*'  of  tin-  pn^^s  |m»>s4>  what  we  ohoidtl  «-:dl  th«' 
first  pres-un' I  that  is,  the  fir^t  /nftfi-aii/ir  pn-ssure)  on  the  |»!f<te.  tin 
valve  <■,  held  hy  a  suitably  adjustetl  spring,  ojhmis  ;  the  water,  inider 
]>ressure  (I  ohje<*t  to  the  us**  of  the  expre?<si«»n  I'omjH'rMtinl  water)  jw.'^so 
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ill  part  from  the  other  side  of  the  piston,  shuts  the  suction  valve  d,  and 
Ave  have  the  conditions  of  a  hydraulic  pump  having  a  plunger  of  a 
•diameter  equal  to  that  of  the  piston-rod.  The  compression  is  thus  con- 
tinued with  this  second  or  maximum  pressure.  When  the  resistance 
<if  the  press  attains  this  maximum,  the  safety-valve  D  opens,  the  press 
stops,  and  the  compression  is  held  until  the  slide  valve  closes  the  steam 
port  and  puts  the  upper  ])art  of  the  steam  cylinder  in  communication 
with  the  lower ;  the  steam  piston  is  then  i*aised  to  the  upper  end  of  its 
stroke  by  a  pressure  due  to  tlie  difference  in  areas  of  the  two  j)iston  sur- 
faces. The  pump  piston  is  thus  raised ;  the  water  passes  from  the 
upi)er  to  the  lower  side  by  the  valve/.  Part  of  the  water  in  the 
hydraulic  press  also  returns  under  the  pump  piston,  the  rest  being  dis- 
charged by  the  safety-valve  />,  which  is  for  this  purpose  raised  by  the 
lever  g,  suitably  actuated. 

It  is  nearly  useless  to  add  that  by  tightening  the  spring  of  the  valve 
■*'  we  increase  the  initial  pressure,  and  tlius  we  can  so  control  the  dispo- 
sition of  the  partial  rectangles  upon  the  curve  representing  the  resist- 
ance on  the  hydraulic  press,  as  to  eifect  the  greatest  convenience  and 
economy  in  work,  and  to  adjust  the  machine  to  the  material  it  may  be 
working. 

In  the  case  of  the  bri([uette  machine  supplied  by  a  constant  head  of 
Avater,  and  to  which  I  referred  above,  the  arrangement  adopted  by  the 
■^''Soci^te  des  Forges  et  Chantiers  "  is  based  u})on  the  same  mechanical 
principle. 

The  steam  cylinder  is  of  course  omitted,  and  the  hydraulic  press,  as 
Hlescril)ed,  is  replaced  by  a  double-acting  press,  the  two  parts  of  which 
-are  put  in  communication  by  a  valve  chamber  with  a  spring  poppet  and 
a  return  valve. 

In  conclusion,  we  nnist  admit  that  this  new  machine  responds  to  the 
actual  needs  of  the  compressed  fuel  industry  already ;  so  large  and  flour- 
ishing in  Europe,  and  destined  to  eifect  in  our  own  country  the  practi- 
•cable  and  profitable  solution  of  an  important  economic  problem,  "What 
to  do  with  the  coal  dust." 

By  the  machine  shown  in  Fig.  1  the  cost  of  manufacture,  in  France, 
per  1000  kilogrammes  or  one  ton  of  briquettes  may  be  thus  distributed : 

Steam  corresponding  to  70  kilogrammes  of  coal  consumed. 

Culm,  930  kilogrammes.     Pitch,  70  kilogrammes. 

Labor,  lf.50  =  30  cents;  in  time,  3  hours. 

Lubrication,  f0.50  =  10  cents. 
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TIh-  iilnive  iiientiniuHl  item-  an-  L'n-Jitlv  K-^-^'IimI  iti  tlir  iiiachiiK- 
-liowii  ill  Fi^  7  jiikI  H. 

Wkau  and  Tkak  ami  Main ti;.\a.n<  k,  7  jrt  ••(•iit.  |>fT  \e«r  on 
cost  ol"  pliint. 

Intehf>!T,  o  |MT  ••<-ii(.  aiuiuallv  on  or-t  of  plant.  (  For  AiiHTiiti 
siiy  ♦)  [MT  wilt.) 

rili:   FLKXIHLK  SIIAFI. 


Ji  V      (;K«)lt<.K      HrUNH  AM,      J  i:. 


Then*  is  pnihalily  no  nif^'linnic^il  inviution  of  th<-  la-t  (le<"H(l<-  that 
lia.s  .seenH'<l,  not  only  to  the  csmu'il  ol>s<'rv«'r  hut  uIh)  to  the  nio«'hani- 
cIjui,  to  Ik*  .ho  entin'iy  novel  in  its  chanictor  jt<  the  fl»xil>li'  -haft. 
(ireat  strides  have  been  made  during;  this  |>eriiMl,  it  i.-*  tnie,  in  all  kind- 
of  iiiachiiH'rv,  hut  tin*  <\|M'rt  n^-o^iii/i^  iiuot  of"  them  :i-«  ••\t»'n«ion- 
and  <l«'V(lojinu'nt.s  of  known  i«lejL-  and  imtlnHJs.  S»  radi<-:illv  dit!«T- 
ent,  however,  were  the  prineipUs  involvcil  in  this  tool  from  thoMi'  itsu- 
ally  eniploynl  in  nuuliinrry,  and  mi  nnoliwrvt"*!  liv  the  world  at  larjfe 
luul  Iki'h  the  stag's  of  its  evolution,  that  when  exhihiti-il  at  the  Cen- 
tennial Exhil)ition  every  lM'h<tlder  was  struck  with  a«t4>nishinent. 
Almost  all  machinery  is  <har.irterize<l  hy  tixitv  in  (frtain  phiiies  <if 
motion.  The  whole  value  of  the  tuniin^  lathe  i>  eonditioiH'«l  n]M>u 
the  maintenance  of  its  r^'iitri's  in  a  true  line,  and  in  all  n>«iproc:itin^ 
inaehiiK'  to<»ls,  a.-<  planers,  shajHTs,  slotters,  et<'.,  and  alstt  in  inillin); 
ttH»ls,  the  moving  |Ktrtions  ot' the  iini-hani»m  an*  ••'•ufirM'^l  to  Kxttl  line* 
and  plants.  .VeiMistoimil  a.s  we  an-  to  thi<  i'harartrri-ti<' of  maehinerN*. 
a  devi«-<-  that  transmits  rotary  inotion,  ni»i  thnmjjh  straight  lino  hut 
thi-ou^h  eiuvo.  and  curves  that  may  Ik-  varicti  at  will,  i-  naturnlh 
surprising  when  first  seen. 

The  l*aris  c<»rres|M)mU'nt  of  the  IxMidon  TYimjt,  writiiip  of  the  Kxhi- 
hition  of  1  HTM,  and  referring  to  the  tlexihlc  shat>,  ^sim-t-tly  cxpn'sw*' 
this  fei'linj;  wlun  he  says  *****  it  U|KS'ts  all  one'-  i<leji>  of 
rigidity.  l*han»oh  himself  <><  in  Id  not  have  Invn  mon'  -urprisiti  at  see- 
ing Most's'  r<Kl  turn  to  a  s<T|H'nt  than  we  wen*  to  so««  this  ro|H^likc 
artiiir  c:itin^  into  tin-  |»lanks  -4't  on  all  sid«>  for  it  to  w<»rk  u|Nin."  Ami 
yet,  lik»-  all  inventi»tn>,  it  lut-  luid  its  hisior\  of  grathial  divclopni.-nr 
tVom  nude  U'^rinning  to  more  or  U**  |>«rfwt  ixuksummution. 

The  first  "  flexible  slnitV  w:us  simply  a  c«iil  i»t'  wLrv.     This  w.i.-  u?«iil 
as  a  universiil  joint   in   .she«'|>-«ih«i,rin^   m:ichine«k,  deutal   «'U^ines,  and 
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other  light  power  machines.  In  the  reports  of  the  Paris  Exhibition 
of  1867,  however,  will  be  found  a  description  of  a  Belgian  windmill 
involving  a  shaft  of  this  character,  made  of  rectangular  steel  bar, 
about  \  X  1^",  coiled  into  a  spiral  spring,  some  six  inches  in  diam- 
eter. The  limitations  of  this  form  of  the  device  are  quite  evident. 
The  flexibility  was  obtained  at  a  great  sacrifice  of  strength,  to  com- 
pensate for  which  the  coil  had  to  be  made  of  inconveniently  large 
diameter,  about  six  inches,  as  above  stated,  making  it  equal  to  a  solid 
shaft  of  one  and  one-third  inches  diameter  only. 

It  was  soon  found  that  the  angle  of  torsion  was  so  great  in  the 
single  coil  shaft  that  it  could  not  be  used  where  positive  motion  was 
desirable.  One  of  the  first  attempts  to  correct  this  defect  was  made 
in  January,  1865,  a  patent  of  that  date,*  describing  a  shaft  made  of  a 
ooil  of  wire  wound  on  a  centre  of  "  gum  elastic  or  rolled  canvas,  or 
other  flexible  material."  This,  of  course,  was  an  improvement  over 
the  first  form  only  to  the  extent  of  the  resistance  to  compression 
offered  by  the  filling  material.  The  next  step,  one  of  great  importance, 
was  the  substitution  of  two  concentric  coils,  wound  in  opposite  direc- 
tions, for  the  single  coil  heretofore  employed.f  By  this  arrangement 
the  tendency  of  the  outer  coil  to  contract  is  met  by  an  equal  effort  of 
the  inner  coil  to  expand,  while  the  greater  metal  section  of  course 
increases  the  strength  of  the  shaft. 

It  will  be  seen,  however,  that  some  of  the  flexibility  is  lost  by  this 
construction,  since  it  requires  more  effort  to  bend  two  coils  than  one. 

Up  to,  and  including  this  stage  of  its  progress,  there  existed  one 
vital  fault  in  the  shaft  that  confined  its  use  to  light  power  machines. 
If,  in  any  of  the  forms  heretofore  described,  the  length  be  over  a  cer- 
tain number  of  diameters,  its  power-transmitting  capacity  becomes 
extremely  limited  on  account  of  its  liability  to  kink  or  twist  out  of 
Hne  and  double  up  into  twisted  loops.  The  effect  is  easily  seen  by 
taking  a  short  piece  of  rope,  fastening  one  end  and  twisting  the  other. 
The  rigidity  of  the  rope  will  be  found  to  increase  to  a  certain  limit, 
when  at  some  point  it  will  suddenly  twist  into  a  loop.  Shafts  of  this 
form,  also,  if  run  at  a  speed  of  more  than  three  or  four  hundred  revo- 
lutions per  minute,  vibrate  in  a  very  curious  manner,  the  shaft  divid- 

*  Thos.  Welham,  Jan.  31,  1865.     Improvement  in  Universal  Shafting. 

+  Greene  V.  Black.  Patent  of  Aug.  8,  1871.  Improvement  in  Universal  Joints 
for  Shaft  Couplings.  The  title  of  this  patent  indicates  the  restricted  use  of  the  prin- 
ciple at  that  time. 
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ing  into  <><jiiidiHUiiit  ii«m1i>  like  the  string  ot'  a  luiL-^ii-al  in>truiiu-iit. 
Thii*  action  i«  u.>4iially  w»  luarkt^  aH  to  intiTfcTf  with  th«'  proj>er  fuiu- 
tionx  of*  tin-  working  to<»I,  jfivinj;  it  a  t^'Inllloll^  motion  that  i."  difti*  uh 
or  ini|>ofv<il»|«*  to  <-«*ntrol.  IIk-h-  ih-lMi.s  wrn-  tinallv  ovrn^uue  hv 
encloning  th«,'  revolving  shaft  in  a  Hexihic  ^n/ion/iry  r^hiath  or  (iwe, 
an«l  at  th«'  Minu'  time  the  ejirrvinj;  jMnvrr  of  the  •*liaft  it/^'lt*  wa* 
increaMMl  bv  making  it  >oli<l  all  tin-  way  through,  in  th<'  .senx-  tliat  a 
wire  r<>|>c'  ix  solitl.*  Tlie  cflint  of  the  t»«e  or  sheath  (a  hulluw  ("uii  of 
wire  <*over<-<I  with  h-atlH-r  or  other  Hexihh*  mat4'rial)  wah  to  give  th«- 
revolving  core  an  indefinit«-  niirnlN'r  of  Uiiringx,  in  what«'V«r  direction 
it  might  Ik.'  pla*-*"*!,  than  entirely  preventing  the  tt-nticnrich  of  th«- 
naked  core  to  kink  and  vihnite  vlk  diwribtil  aliovc. 

Ki...  1. 


Upon   refltvtion    it  will    Ix-  s^een  that  thi>  is  simply  an  exteiihion  of 
•  Nelson  Stow.     l»«t,.nt  oi  Aiik.  rt.  1K72.     Ini|>roTeniral  in  n«iibie  SbnAv 
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the  principle  we  employ  with  rigid  shafting  that  is  too  light  to  carrj' 
its  load  Avithout  vibration  ;  we  increase  the  number  of  bearings,  and 
thus  break  the  shaft  into  shorter  sections.  The  increased  metal  section 
of  the  "solid"  shaft,  while  enhancing  its  strength,  of  course  again 
diminished  the  flexibility.  Since,  however,  the  action  of  the  case  per- 
mitted the  use  of  much  longer  shafts  than  were  practicable  without  it,, 
this  loss  of  flexibility  was  of  comparatively  small  importance,  as  the 
same  amount  of  total  curvature  could  ha  obtained  by  making  the  curve 
more  gradual  and  increasing  its  length. 

Thus,  a  shaft  f  in.  diam.  (of  core),  and  six  feet  long,  will  work  in 
a  complete  circle  or  total  angle  of  360  degrees. 

*As  now  constructed  the  flexible  shaft  is  made  up  of  a  core,  a  case^ 
and  appropriate  fittings  by  which  the  two  are  joined,  and  rotary  motion 
communicated  to  one  end  of  the  shaft  and  delivered  at  the  other. 
These  parts  are  shown,  partly  in  section,  in  the  annexed  cut. 

The  core  is  composed  of  a  series  of  concentric  steel  wire  coils  wound 
liard  on  each  other,  the  direction  of  the  pitch  changing  with  each 
layer.  The  pitch  direction  of  the  outside  layer  is  always  such  that  the 
latter  will  tend  to  contract  under  strain,  the  shaft  always  running  one 
way.  The  case  is  made  of  a  hollow  coil  of  square  wire,  with  a  slight 
groove  on  the  outer  side.  This  coil  is  covered  with  leather,  the  office 
nf  the  groove  in  the  wire  being  to  prevent  the  leather  from  slipping. 
The  inside  diameter  of  the  case  is  slightly  larger  than  that  of  the  core^ 
and  the  ends  are  furnished  with  iron  ferrules  to  receive  the  driving 
pulley  and  the  hand-piece  carrying  the  working  tool. 

The  mechanical  action  of  the  shaft  may  best  be  analyzed  as  follows : 
Imagine  two  concentric  coils  of  wire  bent  in  a  curve  as  in  Fig.  2.  On 
the  outer  curve  the  helices  are  spread  or  open,  while  on  the  inner  curve 
they  are  in  contact  or  nearly  so.  Now  supj)0se  the  coils  to  be  bent  in 
the  opposite  direction,  as  in  Fig.  3.  The  parts  that  were  formerly  in 
contact  are  now  separated,  and  vice  versa.  This  change  of  curvature 
from  the  position  of  Fig.  2  to  that  of  Fig.  3,  and  back  again  to  that 
of  Fig.  2,  is  precisely  in  eflect  what  occurs  in  the  shaft  during  one 
entire  revolution,  except  that  each  successive  point  on  a  given  helix 
occupies  the  top  and  bottom  pasitions  respectively,  instead  of  only  twO' 
meridian  points,  as  when  the  coil  is  simply  bent  back  and  forth.  At 
every  moment,  then,  some  point  in   every  helix  is  undergoing  a  slight 

*  The  Stow  Flexible  Shaft  Co.,  Limited,  500  N.  loth  st.,  Philadelphia,  are  the  sole 
makei-s  of  the  flexible  shaft  for  other  than  dental  purposes. 
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toi>ioii,  \vli(iM(*  anitttint  ii)-|M'ii<l-  u)><)ii  th)-  (liaiiHltT  of  flu- (larticiilar 
•  oil  in  wlii<"h  it  i."  sitiuiU-*!,  jiikI  tin*  runature  r»f  tlie  -liaft  iti*elf.  A?« 
lonjr  jix  this  torMioiial  -train  if*  kept  within  tin*  limit  of  «'I;wtinty  <»f  tin- 
iiiat«rial  tli<-  -iliatt  will  nvolvf  inilrtinitfly  mitiimit  tlftriiiM'nt  ;  but 
should  tlii>  limit  Ih*  cxctHHlcd  the-  shaft  will  mpklh*  frivc  M-ay.  If  a 
|»i«-«-<-  uf   core    U-    iiiounttii    in    Ix-nrinjfs,  ami  '♦ii/vW /JTwittWv,  it  will 

Ki<i.  '_'. 
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s<M>n  lH«y;in  to  hrat,  it'  m-X  in  motion,  anil  will  tinallv  hn-uk.  In  prao- 
tiif  this  <t>ntiii^('n<'v  is  provi<le<l  for  hy  making  the  caw  suftioiHitly 
ri^i«l  to  pnvrnt  IniHlinp  Inyond  th«*  •wiV  limit.  K^'fi'irin^  aLiii"  tu 
Kijr<.  2  an«l  '.\,  it  will  U'  stt'u  that  thert'  nuist  !«•  s<»mo  slight  rnhhitip 
action  lt«'twt><'n  tin*  win*s  of  the  innrr  and  outer  c«»ils.  The  ••t^ifi  i»f 
(his  a<ii<»n  is  s<>  slijfht  it*  to  Im'  ini|»«'nt»ptihle,  even  in  shaft.-*  that  have 
Im-^'u  a  louvt  time  in  s«rvi(v.  The  other  frietional  elements  an*  th«»*«^ 
•  •oMimon  to  :ill  mat>hini>s,  viz.,  the  wejir  ot'  the  journals  and  their  Itenr- 
inirs,  ;uid  the  w«-ar  of'  the  oui»r  layer  of  the  «t>rf  at  |M»ints  of  ntiitart 
with  the  i'i\fn'. 

Simr  the  tlexihlr  shaft  is  not  a  >|Hvial  t«tol  for  a  prtrti«ular  puqs««4>, 
liut  a  «<onni><'tin^  link  U'twirn  a  jfiven  |k»wit  wmrw  and  a  multitude  uf 
f(»<»ls,  its  iLs***  ai\'  ver}'  varie*!.  The  first  suiT«ej»*ful  applkution  of  this 
Wholk  No.  Vol..  CVIII— ^Thiri>  Skriix,  Vol.  In»iii.)  IS 
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'tool  was  in  dentistry,  the  necessities  of  the  dentist  being,  in  fact,  its 
raisoii  d^etre.  It  is  needless  here  to  descant  upon  its  use  in  this  line, 
howev^er,  as  nearly  every  one  who  has  need  of  the  dentist's  services  is 
familiar  with  the  dental  engine  and  its  power  of  shortening  the  time 
of  painful  operations  on  the  teeth.  In  heavier  operations  the  leading 
place  occupied  by  the  shaft  has  been  in  metal  drilling.  The  usual 
power  drills  are  no  exception  to  the  general  rule  stated  above  of  fixity 
in  certain  planes  of  motion* 

Even  the  radial  drill  only  means  the  ability  to  drill  vertically  in  a 
cylindrical  space  a  few  feet  in  diameter.  Hence  the  power  drill  still 
puts  the  burden  of  adjustment  on  the  piece  to  be  worked  itself,  while 
the  inconvenience  of  handling  the  work  increases  very  rapidly  with 
the  weight  and  size  of  the  piece,  and  soon  reaches,  in  the  case  of  large 
^boilers,  for  example,  a  prohibitive  limit.  For  this  reason,  in  every 
machine  shop  many  holes  are  still  drilled  by  hand,  within  sight  of  the 
engine,  that  is  willing  but  })owerless  to  assist.  It  was  soon  seen  that 
the  flexible  shaft  would  prove  a  valuable  adjunct  in  such  cases,  and 
appropriate  tools  were  made  to  meet  the  requirements.  Extension  is 
obtainetl,  not  by  increasing  the  length  of  the  shaft,  which  is  seldom 
over  eight  feet  in  length,  but  by  increasing  the  length  of  the  driving 
rope.  Varying  directions  are  obtained;  first,  by  leading  the  rope 
through  a  "  transfer  pulley,"  which  is  simply  a  pair  of  idler  pulleys 
mounted  one  over  the  other  in  a  light  frame,  and  attached  to  the  floor 
directly  under  the  counter-shaft.  Second,  and  more  conveniently,  by 
a  device  styled  a  "  roundabout  transfer,"  consisting,  first,  of  a  pair  of 
idler  pulleys,  mounted  one  over  the  other  in  a  weighted  frame,  and, 
second,  of  a  pair  of  pulleys  in  a  swivel  frame,  attached  to  a  hanger 
ladjoining  the  countershaft.  The  driving  ropes  lead  from  the  counter- 
shaft down  to  the  weighted  frame,  then  over  the  swivel  pulleys,  and 
thence  to  the  pulley  on  the  flexible  shaft,  as  shown  in  the  accompany- 
ing cut.  With  this  device  the  shaft  and  its  drill  may  be  carried  at 
will  to  any  part  of  the  shop,  the  only  limits  being  the  length  of  rope 
used  and  the  height  of  rise  and  fall  at  command  for  the  weighted  frame. 
8ince  both  the  leading  and  following  ropes  are  carried  down  to  the 
weighted  frame,  and  thence  over  the  swivel  pulleys,  the  combinations 
form  in  effect  a  system  of  one  fixed  and  one  movable  pulley ;  hence 

*  A  notable  exception  to  this  is  the  Thome  Portable  Drill,  described  in  the  Jour- 
nal of  November,  1871. 
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the  available  extension  ^>\'  tli*-  «lrill  is  drier  the  rist-  ot"  the  wrighteil 
frame,  an  attribute  of  conxijIcruhU-  irnjiortaiiw  in  K)w-rttu<UIe<i  rmmts. 

Th*'  shat't  is  hIh*  \\m'<\  for  j:rin«liiiL'  urMl  jHilishinjr  nietsil  \v«»rk  with 
emerA'  \vh<H'ls,  \vo<m1,  walru.»  hi<le  arici  tVIt  wh*-*-!-,  <'«Kit4il  with  »'nM'r>', 
ete.  AttjU'hinentM  are  provi<l«l  hy  which  the  wheel  niay  Im?  iix-d  either 
on  e<l^'  or  «)n  the  flat  >i<l»*.  In  solid  win**!-  the  limit  to  the  ^i/*-  tluil 
<'an  Ik'  uh*"*!  on  wljfe  is  S4»on  reai-hul,  il«<  the  n-aetion  of  a  wheel  greater 
than  si.x  inohen  in  <liamet<'r,  ninnitt);  at  the  mi-ewwrily  hi^fh  .'i|>«'«^l,  is 
s«»  ^rt-at  that  it  <-jinnot  \n>  h«>l<l  to  the  work.  With  smaller  wheels  thi* 
<lifficultv  is  n<it  eneounten-il,  nor  does  it  ♦wfur  with  ->4»ft  wIhh'Is.  In 
jMtlishin^  hri^ht  work,  its  show-^-it*^'  trnm****,  ete.,  the  laniiliar  hi^'-wImvI 
is  iiHe<l  with  rr>u>^'  or  other  ixilishing  |M>wder>*. 

( )ne  of  the  ejirli«'st  su^r^est*-*!  us^-h  of  this  t<N»l  w:l-  <-l«-:inint:  the  niihI 
from  ejtstinp*  with  wire  hnislu-?*.  In  the  effort  to  «-3irry  mit  fhi>  i«l«i, 
<'xi8tinp  methods  wen*  naturally  follows!,  and  c-in-ular  l»rush«'s  were 
made  rilhnl  with  tlit  st*"*-!  win*  bristles,  aft*'r  the  u>ual  in:uiner.  It 
w:t"<  f^Min  found,  however,  that  what  answennl  well  enough  under  tin- 
.slow,  reeij)nM-jitinj;  nxttion  of  the  hand,  wa**  an  utter  failun*  undi-r  the 
rapid,  cireular  motion  of  the  shaft,  a  lar^'  |Mnt;ntajre  «»f  the  win* 
l)r»'akin^  in  a  few  hours'  u.s«'.  This  rt-sult  was  |>n>bably  «lue  to  the 
n»ol<i'ular  ehan^t-s  iixlutitl  by  the  nipid  vibniti<»n  of  the  win*>.  Vari- 
ous ki nils  of  wire  wen'  trieil  luxl  nunjen>us  methoiLs  of  "  |Mckin^  " 
with  rubU-r  and  utlu-r  el:i.>«tir  materials,  but  without  avail,  and  the  id«-a 
was  temjHtrarily  abandon«tl.  Itetvntly,  however,  a  brash,  a«-tin^  u|»«>n 
an  entirely  new  prin<'iple,  hits  been  invente<I,  and  seenw  to  answer  all 
the  n-tjuirements.  Two  thin  iron  disks,  alniut  f<mr  inc-hi-s  in  «liameter. 
are  mount«><l  <»n  a  thniule^l  spinille,  one  end  of  whieh  is  atta«-hed  to  the 
flexible  shaft.  1  heM>  disks  are  pltuttl  alM»ut  two  and  one-half  inehes 
apart,  and  are  eonmn'tc*!  by  a  si'ri«»<  of  small  nxis  phu'ed  at  intervals 
arotuid  the  «ireumferen«-e.  The  "  hub"  thus  pn'|Kin'»l  is  not  unlikr  a 
small  S4juirrel  «-i^'  in  apjK':inin<"e.  l'|n»n  tlu^e  nxls  short  win*  links 
are  lo«i«?ly  hung,  anil  from  tin'  links  de|H>nd  win-s  of  onlinar\-  roun<l 
stet'l,  al>out  thni'  in<*hes  lonj;.  Wt-  have  thus  a  bnish  wIh***'  bristK>> 
are  held  t*»  the  Itiu'king  by  a  tree  joint  iitsteiul  of  the  usiuil  rigiti  i'«»n- 
ne<'ti()n.  When  stationary  the  wirtx  hang  perfwtly  limp,  but  when  in 
motion,  at  the  pn>|H'r  sp«tHl,  the  (X'ntrifugjil  fonx*  kivps  them  normal 
to  the  axis  until  the  surfatv  to  W  eh-juu^l  is  retu'htnl,  when  they  yield 
and  ilr.ig  across  it.  It  is  found  in  pnicti«"e  that  the  bru.sh  so  o>ivstru«t«'^l 
is  as  efKcient   as   the   stiff  brush,  and  is  nuich  more  pliable,  adapting 
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itself  better  to  irregularities  in  the  surface,  while  the  wear  is  entirely" 
confined  to  the  joints  and  gradual  abrasion  of  the  ends  of  the  wires- 
Wheels  for  sand-papering  wood  work,  made  upon  the  same  principle^ 
have  been  tried  and  found  very  eifective.  The  sand-paper  is  cut  into 
circular  disks,  which  are  strung  on  an  appropriate  mandril,  each  disk 
being  separated  from  its  neighbor  by  a  small  washer.  This  arrange- 
ment gives  the  tool  great  flexibility  and  at  the  same  time  does  away 
with  the  inconvenience  of  frequently  renewing  the  cutting  surface- 
inherent  in  the  plan  of  wooden  centres  covered  with  sand-paper,  since 
it  is  effective  until  worn  nearly  to  the  centre. 

The  shaft  has  also  been  found  of  great  utility  in  stone  working 
operations.  The  horizontal  "  lap  "  that  has  so  greatly  expedited  the 
surfacing  of  small  pieces  is  of  no  avail  for  large  blocks,  on  account 
of  their  great  weight  and  size  ;  but  the  shaft  enables  the  lap,  on  a  small 
scale,  to  be  carried  to  the  work  itself.  In  the  apparatus  constructed 
for  this  purpose,  either  turned  iron  disks  or  frames  .carrying  concentric 
rings  made  of  zinc,  are  attached  to  geared  machines  (similar  to  the 
drill  press)  on  the  end  of  the  shaft.  The  grinding  material  is  sand  or 
emery  with  water. 

The  following  tables  give  the  results  of  a  series  of  tests  and  experi- 
ments made  in  August,  1877.  Recent  improvements  in  the  make  up 
of  the  shaft  would  doubtless  change  these  figures  somewhat. 


Table  No.  1. 


1 

2 

3 

4 

5 

Selling  No.  of 
Shaft. 

Length  of 
Specimen. 

Diam.  of 
Specimen. 

Proof  Strain   in 
lbs.  at   1  foot 
from  centre. 

Angle  at 
plastic  Limit. 

0 
2 

3 
4 
6 

3 
3 
3 
3 
3 

9-32 
3-8 
1-2 
5-8 
15-16 

4-018 

9-715 

21-109 

41-346 

119-832 

77- 

30-3 

20-6 

29- 

10-7 

The  figures  in  Table  No.  1  are  from  a  series  of  actual  tests  made  at 
the  Stevens  Institute  of  Technology,  Hoboken,  N.  J. 
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\W  I'riMjf  Stniiii  i-  iiu-:!!!!  the  iiiaxiiiiiitii  wri^lit  wliirh  tin-  -itct-iiiifii 
arrifnl  (at  a  <listanc»*  of  orn'  i'ttitt  fnmj   tin*  ••••ntn*>,  witliont   trivintr  Hm- 
niaN-nal  u  |>»Tiimiu'nt  "Mt. 

TIk'    Ufits    in    Tal»I«'     N'-.     _     ^\<t<      hkkIi-    witli    :iii     KiU'r-'-n     l»\ii;i- 

iiionu'ttT. 

Tahi.k   No.  2. 


8 


1  I  l.JCKI  A  ill.  Aug.  ill  Pint-  3H2HX  Sluifl  iH-arly  stnujflit. 

'^  "      **              "              "  'M2f<H        '•     knt  tlin>u>r|,  ^  tirxle. 

3  "  Kt.'W)  5  ill.  .Vimiir.  34HJ>2        J     •• 

4 3<>2«8 

.5  "      7<M»  1  in.  Au^'ur.  11  tTJ               nt-arlv -<trai^'lit. 

■♦)  "      *•      8  in.drill  in  ••jfit  iron.  ;i;{()|«  Drills!  U  in.  in  2  niiniit.--. 

7  "      "J  in.  Drill.  .•M9}»2         ••        U  in.  in  1        - 

«  "      "    If  in.  Drill.  4()17«;                     ^  i„.  i„  ] 

It  «;     412  Not  W<.rking.  (>40<)  NVw  Shaft.     Straight. 

1<»  •               ,   in.  drill  in  -uM  in.n.   20480  Drillt<d  2  in.  in  1^  minut.-. 

II-      ••      1  ill.       "              "  23fJ80         "        1  in.  in  1 

1'2  '      ••      l\  in.     ••              ••  2G240         •*        I  in.  in  1 

l;5  '•      l»."i()  Friction  \V I Kf  I.  Gil'>o2  No  iujuriuuh  ctieot  on  »hai't. 


lioidfs  tliof**'  nu'ntiniuil  alM)v«',  tin-  shaft  lia«*  Uvn  utiiiju'^i  in  man\ 
minor  (>|H'nitii>ns,  it**  hnr^'  ami  ctittlr  l>ru>hing.  plat«'  glav.  ih-an^ing 
;in<l  |Mili>hing,  iiionKti*  tiiii»hiiig,  ami  «'V»'n  in  lHnti-i»(ni^h'tnif.  Fnuii  it- 
|H.-iti«>ii  Its  an  intornu><linte  torni  or  <^»nm»«'tmg  link  U'twtvn  th«'  work- 
ing t«>ol  and  tlu>  |x»w<r  •*onn>«'.  h-xuling  ni«'<lianii^l  jiowrr  into  thf  imm- 
intricatr  ways  and  n-inotr  ••«»rn«rs  lifntofon-  onlv  appmarhahli'  !»v  tin- 
human  arm,  it  is  a|){xin>nt  that  manitold  applit-.ttioiiH  of  th«*  HtxihK- 
-haft  will  U'  inadr  in  tho  futun-  that  an-  not  n<»\v  omsidon^l. 


166  Church — Minting  Accidents.  [Jour.  Frank.  Inat^ 


ACCIDENTS   IN   THE   COMSTOCK   MINES   AND  THEIR 
RELATION  TO  DEEP  MINING. 


By  John  A.  Church,  M.E. 

A  paper  read  at  the  Pittsburgh  meeting  of  the  American  Institute  of  Mining 
Engineers,  May,  1879. 


Early  in  the  month  of  August,  1877,  a  miner  in  Gold  Hill,  Nevada, 
made  the  unlucky  remark  that,  according  to  his  observation,  that 
month  was  usually  quite  free  from  accidents  in  the  mines.  Never 
was  presage  wider  from  the  truth.  When  the  month  closed  twehe- 
mishaps  had  occurred,  killing  six  and  wounding  nine  persons,  and  for 
the  rest  of  that  year  the  Comstock  mining  communities  were  kept  in  a 
ferment  by  the  frequent  occurrence  of  appalling  disasters.  There  was 
a  real  tidal  wave  of  calamity  sweeping  over  the  mines,  which  has  not 
been  repeated  since,  and  according  to  common  report  was  never  known 
before  on  the  Comstock.  I  was  much  interested  in  studying  the  char- 
acter of  these  misfortunes,  which  also  aroused  concerted  action  on  the 
part  of  the  miners,  and  I  have  collected  a  list  of  the  accidents  which 
took  place  from  July,  1877,  to  May,  1879.  The  number  in  this  period 
of  twenty-two  months  is  101,  killing  immediately  53  persons  and 
wounding  70  others.  This  list  is  incomplete  in  every  way.  All  acci- 
dents which  did  not  injure  persons  are  omitted,  and  there  are  several 
which  were  of  a  threatening  kind  but  fortunately  did  no  damage  to- 
human  beings.  Probably  others  have  been  overlooked  which  did 
belong  to  the  category  included  in  my  lists.  Finally,  no  effort  has 
been  made  to  ascertain  how  many  of  the  woinided  died  of  their  wounds, 
and  the  number  of  fatal  casualties  includes  only  those  who  died  so  soon 
after  their  injury  that  their  death  became  a  part  of  the  current  records 
of  the  accident. 

Many  of  these  accidents  belong  to  the  usual  classes  of  mishaps  iiii 
mines  .and  Avill  receive  no  extended  discussion.  Others  are  Avorth 
examination  from  their  connection  with  labor  in  hot  mines,  deep  min- 
ing, and  other  causes  intimately  dependent  on  the  local  conditions  of 
the  Comstock.  They  may  all  be  classified  under  eight  general  heads  : 
1.  Falls  of  rock,  timber,  etc.  2.  Tramming.  3.  Effects  of  heat.  4. 
Falls  of   men.      5.  Explosions.      6.  Hoisting  apparatus.     7.  Over- 
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wimliii^''.      H.    Mis«'«-I!aiif<>ii^.       TIh-  distrilmtiMH  aiiiori);  tin-?**'  ^ntU|»?<  iit 

♦•adi  vi-ar  is  sIkiwii  in  the  t"<illi»u  iti^  -iinmiarv  : 

(J.)  (-a><imlti<'-.  (liif   to  tall.-  <>J"  pn-k,  u-v,  timlM  r   .t. 
NiimlKT  <»f  (K-j'urnMicos, 
Ciu^imltics,  fatal, 
(':isMalti<>s,  nf»t  fatal, 

l*r«»|M>rtinii  fatal,  .'{♦)  [mt  (-('Ut, 
(2.)  ('asualti«'«  in  tniinriiin^. 

XihuImt  n\'  •^•••iirn'tKt's,  .  I  ', 

( 'asualtics,  fatal,  .  .  I  i" 

Casualties,  not  fatal,  .  \ 

Pr<i|M»rtii»ri  fatal,  12.^  |mt  ct'nt. 
(."i.)  ('a.sualtiis  due  to  In-.it, 

Snildimj : 

NiihiImt  of  <Mfurrt'iu««,  .       1  'J 

( ':i8iialti<-s,  fatal,  .11 

('asualtic's,  not  fatal,  1 

Pro|N)rtion  fatal,  '.V.\  jht  ci-nt. 

Orri/int(i)it/  : 

XiiimImt  of  (MH-iirn'Mit's,  .  .       I  ^ 

CaHimltit's,  fatal,  .17 

('asnaltics.  not  fatal. 

l'ru|Mtrtioii  fatal,  7.'{  jmt  n'nt. 
(4.)  C'liMuaitit's  (Ino  to  falls  of  men. 

NiiimIxt  of  tK'*'iirn'n<'<?s,  .       7  7  *J 

(  axnalties,  fatal,  2  •»  '2 

Casualtie?*,  not  fatal,  .       '»  I 

l*roj)ortiot»  fatal,  <)2.\  jht  cent. 
(o. )  Casnaltit's  due  t«»  explosions. 

NuiuIht  «>f  otx'tirnnees,  .       5  «i'  ; 

Casualties,  fatal,  :\         j 

(^tsualti«'s.  not  fatal.  '  . 

I'rn|Mirtiou  fatal,  71  jht  i-ent. 
(<)•)  Casualties  in  hoisting. 

\ninl»er  of  o«'«'urn'n<"<-<.  .        I  •>  I 

(  a-iualtii's,  fatal.  2  .',  ) 

Casualties,  ni>t  fatal.  .20 

Pn>|x)rtion  fatal,  4'\  |>er  <vnt. 
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1877 
6  mos. 

1878      1879 
4  nios. 

.        1 

1 

.        1 

2 
2 
1 

.      7 

1 

.    10 

8 
3 
6 

.    38 

14 

.    34 

49       14 
28       11 
31         5 

101 
53 

70 

(7.)  Casualties  by  overwinding. 

Number  of  occurrences, 

Casualties,  fatal. 

Casualties,  not  fatal, 
Proportion  fatal,  60  per  cent. 
(8.)  Casualties  due  to  miscellaneous  causes. 

Number  of  occurrences. 

Casualties,  fatal. 

Casualties,  not  fatal. 
Proportion  fatal,  20  per  cent. 

Total  occurrences,     . 

Total  fatal  casualties. 

Total  casualties  not  fatal, 
Grrand  total  for  22  months : 

Occurrences, 

Total  casualties. 

Casualties,  not  fatal. 
Proportion,  fatal,  43  per  cent. 

This  list  is  not  offered  as  a  summary  of  accidents  in  the  Comstock 
mines,  but.  merely  as  an  index  to  the  causes  which  operate  there  to 
endanger  life.  Many  of  these  are  common  to  all  mining  ojierations, 
ttut  others  are  quite  peculiar  and  deserve  timely  discussion,  for  it  is 
supposed  that  they  are  likely  to  increase  in  force  with  the  deepening 
of  the  mines,  which  is  now  rapidly  progressing. 

In  the  third  class,  or  those  casualties  which  are  due  to  the  high  tem- 
perature of  the  mines  and  the  rock  in  which  they  are  opened,  we  have 
some  of  the  most  singular  occurrences  known  in  mining.  The  inju- 
ries by  scalding  were  occasioned  entirely  by  falling  into  the  hot  mine 
waters.  Their  temperature  varies  with  the  locality,  but  the  maximum 
which  I  have  observed  is  156°  Fahr.,  and  usually  it  is  considerably 
below  this.  This  temperature  seems  to  be  sufficient  to  produce  serious 
effects.  One  miner,  who  slipped  into  the  Julia  water,  sinking  nearly 
to  his  knees,  got  out  so  quickly  that  the  water  did  not  have  time  to 
enter  his  shoes,  and  yet  his  legs  were  scalded  so  severely  that  the  skin 
came  off.  The  same  mine  was  flooded  early  in  the  present  year  with 
water  which  was  reported  to  have  a  temperature  of  158°  Fahr.,  and  a 
miner  who,  in  a  fit  of  absent-mindedness,  stepped  into  it,  immersing 
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liirnsflf  to  t\\t-  rliiii,  wai  futally  iiijui"'*!.  I'Ik*  wat<'r  i-*  hot  an«l  jpi'irNni'i. 
arul  the  iinforfnimtf'  man  who  fall»  in  ii  sinks  dj-oply  :m«i  |»rolKilily 
fin<l»  it  <lil!i<'iilt  to  ro^iin  th<-  -nrtaf-*-. 

Hnt  it  is  in  th«'  ctfiM-ts  of  work  in  hot  air  n|H>n  thf  hinnan  frain*' 
that  thi-  nioxt  rcmarkahh-  tuxiiahits  an*  \vitncss<><|,  an<l  this  rIasH  i<> 
jMir|»o-<l\  |Mit  tii>t  anioiij^  thos<'  wliirh  ar»'  to  Ix-  «li>4-n-v*^'«i,  l»f<':iii-«'  it 
M•«Mn^  |)r*)l»Hhl<'  that  a  considcrahh'  projnirtion  of  all  kinds  of  a4i-i<li'nt> 
in  th<  -.»  mines  aix?  indirwtly  <lu<'  t4)  the  h«'flt.  Th«*  |»n>|M>rtion  af  fatal 
casiialtit'H  is  larpT  in  this  clitss  than  in  any  otJHT,  U'inp  73  por  <vnt.. 
and  from  the  jM-tidiar  mental  ^'t!l•<•t^  of  the  ln-at  it  is  ohvions  that  it 
may  \»'  and  |trol>al>iy  is  the  initiating  iiuiM*  of  nianv  n)isha|ts  whi«h 
\voul<l  nntler  other  (•irenrnstnnr'*^  l)e  aHorilxHl  to  eid)nihle  Mnnderintr- 

On  the  1!MK)  level  of  the  (ionhl  an<l  Cnm-  mine  a  drift  wiL-i  rnn  to 
rthf  sorithward  from  the  shaft,  following  the  line  of  the  hhu-k  dvke  and 
lyin^  (jiiite  nj'ar  it.  This  provtnl  to  Ik*  on«'  of  tln>«<'  hot  sjiotN  whi<h  I 
have  JM'fore  (h^^rilM-il  to  the    Institnte   jts  a    mark***!  iM-^-nliarifv  of  the 

<  ■oiH'«t<K'k  r«H-ks.  A^  a  rnle  the  drift>«  at  this  depth  have  not  Ix-en 
nlinve  1(»M  or  110  ,  and  many  have  been  h-sM  hot,  hnt  this  drift  ha- 
-fver.il  times  \h'vi\  reiMtrteil  to  show  a  tiMnjxnitnn-  of  123°,  \'2*i°,  and 

I:2H'  Fahr.  Thoma-  Hrown.  a  miner  workiii;:  in  this  pla«"e,  fainteij. 
and  when  taken  to  the  snrfan'  and  n-viv*-*!,  was  fonn«l  to  have  ««om- 
pU'tely  lost  his  memory,  lie  could  not  tell  his  name  or  where  lie  liv«fi, 
iiml  had  to  Ih'  <lres.sed  and  taken  home  hv  his  friend^.  The  pajHT 
whieh  re<'onls  the  ocrnrrene*-  savs  :  "  This  sudden  Iohs  of  memor\'  fn>m 
•overheating:  is  (piite  ei.minoii  in  the  mines,  hut  the  effect  .^oon  di<w|>- 
]n-Ai>    and    the    men   iwf    themselvts    a<.,Min.       This   fact    ftinii^lies   an 

<  xplanation  <)f  how  men,  who  are  consi«len><l  ex|HTien«i>»l  miners,  walk 
4>t!'  into  fatal  wind's  and   <'hut<'s,  seemingly  with  delilxT.it*'  intention." 

A  fre<|uent  aceident  in  these  mines  is  fainting  in  the  shat>  while  the 
Cixpv  is  risinjr  to  the  surfa<v.  The  faintnen*  is  always  fi.lt  imm«iliatelv 
iM|Mtn  n-aehinir  the  c«M»|er  air  a  hundnsl  or  a  hundnil  and  tiftv  W^t't 
from  the  surface,  when-  there  is  usually  a  side  tiraft  thn»uph  <4>me  adit. 
riii-  <'a-ualty  is  s«>  common  that  a  man  who  has  Im-imi  wi»rkini:  in  a  hot 
dritt  i-  not  allowed  to  j^o  up  alouc.  I^mp  habitude  to  the  ht*:it  i-*  no 
sife^nianl  aipiinst  this  dani^T,  and  serioa«<  a<x'identj<  have  «ir«Mirrvcl  in 
thi-  way.  The  faintncss.  I  believe,  is  pnH««*<hN|  bv  nauso:».  Imt  ins<«n- 
-ibility  follows  ipiite  suddenlv. 

Ainonjr  the  minor  j-jwialties  I  have  ineludi><l  one  whieh  is  said  to 
iiave  hapiHMinl  to  .Mr.  Sutro.      I^>in^  in  theSutro  tunnel  U'fore  it  made 


170  Church — Mining  Accidents.  [Jour.  Frank.  Inst., 

connection  with  the  Savage  mine,  and  in  an  air  temperature  of  llO'^ 
Fahr.,  lie  went  to  the  air  pipe  to  cool  off,  and  staid  there  so  long  that 
the  miners  told  him  to  get  away  from  the  pipe  and  let  them  have  air. 
He  did  not  move,  and  the  account  says  they  tried  to  stir  him  up  with 
the  handles  of  their  shovels,  but  he  had  lost  all  volition  and  could  not 
l>udge.     Finally  he  was  put  on  a  car  and  taken  out. 

These  are  the  minor  effects  of  the  heat.  Its  graver  results  are  well 
shown  in  the  following  cases  of  insanity  and  death  : 

The  first  of  these,  which  I  introduce  with  some  hesitation,  is  described 
by  the  Virginia  Evening  Chronicle  as  follows :  "  At  half  past  nine 
o'clock  Monday  morning,  March  11th,  1878,  a  man  died  at  the  Cale- 
donia mine  in  (lold  Hill,  under  i)eculiar  circumstances.  The  man  had 
been  iddle  for  six  months,  and  was  working  his  first  shift  in  that  time^ 
he  having  gone  down  this  morning  at  seven  o'clock.  He  was  put  to 
work  as  carman  on  the  1400  level.  At  the  hour  stated  he  rushed  into 
the  station  at  the  1400  level  and  told  the  station-tender  that  the  wheels- 
of  his  car  were  smashed  all  to  pieces.  The  station-tender  walked  back 
with  him  to  the  car,  when  it  was  found  all  right.  The  station-tender 
thereupon  saw  that  something  was  wrong  with  the  man,  and  took  him 
to  the  cooling-off  place.  There  he  soon  began  talking  wildly  and 
behaving  boisterously,  and  giving  other  indications  of  mental  aberra- 
tion. It  was  therefore  thought  best  to  bring  him  to  the  surface.  He 
was  firmly  lashed  to  the  cage  and  hoisted  up,  but  on  reaching  the  sur- 
face he  fainted  away  and  died  in  a  few  minutes." 

The  heat  on  the  1400  level  of  the  Caledonia  is  not  very  great,  being 
about  90°  Fahr.,  and  this  man's  sudden  decease  may  have  been  due  to 
other  causes. 

Of  the  other  fatal  casualties,  one  was  from  cramps,  which  the 
account  attributes  to  the  heat,  but  which  may  have  been  the  result 
of  drinking  ice  water,  and  another  was  from  a  cold  taken  while  cool- 
ing off  after  being  partially  ov^ercorae  by  the  heat.  It  is  to  the  drink- 
ing- of  ice  water  and  the  comfort  of  a  strong;  draft  that  the  men  resort 
for  recovery  from  the  exhaustion  caused  by  the  heat,  and  though  these 
methods,  so  contrary  to  the  ordinary  rules  of  hygiene,  are  put  in  use 
several  thousand  times  a  day,  and  usually  with  impunity,  these  two 
instances  are  proofs  that  they  may  be  dangerous.  Tiie  miners  consider 
the  draft  of  cool  air  safer  than  drinking  copiously  of  ice  water,  but 
when  in  the  mines  I  choose  the  latter  method  to  save  time,  and  never 
felt  ill  effects  from  it. 
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Thf  next  <iw«!  illuHtriti-:^  tin-  vioU-iit  rffwu  whirli  exct-j^ive  licat  iiwy 
have  ii|Miii  u  |M;rM>M  not  jux-asu.nwil  to  it :  **<)n  FrMlay,  <>rt«4Mr  11th, 
1«78,  .John  Mf-Cauh  V  wtiit  t<»  w.»rk  for  tl»-  Hn»t  tinu-  in  tlu-  Irii|»«rial 
mine.  He  wio.  mutiuned  a^in»t  over-*'X«Ttinj:  hini-^U  in  tii«  rxtnuie 
heat  of  the  hiwer  hveln,  llr  re|ili«il  tiiat  he  thmi^ht  he  waf»  Htronf^ 
enou)(h  to  stan<l  anytliin^  aiHi  |«ai«l  no  atuntion  to  Uie  a«lvi«T'.  At 
half-jMLHt  two  in  th«*  utN-moon  h«-  wjw  hp*U(;ht  to  the  muHimv  in  ai» 
iirH-oiif-ioiis  hlate,  an«l  Uittl  thr  n<'Xt  morning  at  )ialt'-|NiA>t  ten  o'elo«k." 

Two  ofh«T  uiMs*  wry  siniihir  to  thin  have  <*ivnrnjil  in  the  lin|ienal 
within  II  \\w  vi«rs.  Thi**  niin*-  '\n  exmvateil  in  on*-  «»f  the  h«»t  n\ttti!s  ot 
the  ( 'oniht'M'k. 

The  h<»t  <lrirt  on  the  IIXM)  l«vel  of  the  G«hiI(1  an4l  Cum  i«  the  ««vn«- 
of  the  nn»it  «yTiotiH  of  thi*M'  eaMUalties  «lu»'  to  hi-at.  Fiv»'  men  win- 
.•«ent  there  in  .Inn*-,  1H7H,  to  loa<l  a  dnnki-y  pump  on  a  «"ar.  The  work 
wa^  HO  exhausting  that  when  the  |»uin|>  mu^ht  on  a  phuik  they  wrn- 
n«»t  ahle  to  move  it.  They  mvm  t<»  luive  \w*'\\  in  a  ntate  of  m«-ntul  t»»n- 
fusion,  hut  f«'It  that  they  «'ouUl  not  n'main  lonp-r.  Starting  up  a  win/* 
whii'h  o»nnMl*»  with  th«-  17<K»  I-m-I  one  man  fill  on  the  way,  :in«l  the 
otherM  were  afraid  to  Htop  to  help  him,  hut  pruMW.il  on,  n^chiiix  tin 
17(M)  in  half  an  hour  from  thr  tim*-  they  V'W  it.  They  wm-  v»r)  «^»n- 
fu.-Mil  and  nnirly  HjMi^hlt-^,  and  luinily  n-siliwtl  what  hawl  <»«tnirnil. 
Throe  men  went  di»wn  t<»  th«'  n-^cue  and  f«»und  the  falh'U  man  >»till 
alive.  C'Urarin^  thf  (lump  they  p»t  into  th«-  (-ar  and  ni^nalhil  to  hoi-^t. 
hut  on  the  way  up  the  win»i'  th«-  nuin  tlu-y  ha*l  ^ne  to  n-neue  rwUii 
and  fell  oH'.  The  «?»r  wan  stopiMtl  at  ono-,  l»ut  h«-  wan  januned  U-tw-wn 
it  and  the  hruttitv  m  i'^<  that  the  othen*  left  him  ami  went  for  help. 
They  all  pive  out,  two  half  way  up,  and  the  other  jiwt  a-  he  rea*  he«l 
the  17(K)  livel,  wlun-  a  fritn«lly  haitd  pulUil  him  up.  A  new  n>«'u«- 
party  w<nt  d<»wn  and  found  two  men  di«<l,  aiwl  th<-  third  tlini  M*n\ 
after.  'V\iv  >hit\  Ixfci^  n'|i«»rt/»  that  "  the  aix-ident  waH  duo  m.UIv  to  th«- 
lit-;it,  as  the  air  is  ^mkI  <>n<Hi^li  and  pun-  i-nou^h,  Ixirrin^  tlii-  ln-iit." 
The  winzi*  was  not  an  alNindon<«d  f>m>,  hut  in  daily  us<>.  A  heavy  vol- 
ume ol"  stiiim  is  n|M»rt«il  Xo  ri^-  through  it  from  the  llHMi  h-vi-l,  the 
tem|Mrature  of  whieh,  at  the  tinu-  of  thi^  iUXMileuL,  is  jrivm  at  I'JM"^ 
Fahr.  1  ^ither  fn>m  the  detaiUtl  lux^mut  tliai  the  ilmth  of  tin-  uwu 
is  |Mts^iltly  attrihutahle  to  the  fat*l  tluit  when  tiie  min«r  fi'll  off  thf  t'ur 
the  latter  wil*  o|op|M><|  in  a  plan-  that  wiis  hotttT  than  thr  r«^t  of  th<- 
win«e. 

It  U  to  lie  re^retteil  tluit  no  adetpuite  •<tu<lie»  liave  lM«ea)  mad«*  u|m*ii 
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the  precise  physiological  phenomena  presented  by  death  under  these 
circumstances.  The  legal  requirements  are  satisfied  when  it  is  proved 
that  the  casualty  was  due  to  "  heat,"  but  if  the  theory  of  heat  produc- 
tion in  these  rocks,  which  I  have  advocated  before  you,  is  correct,  and 
currents  of  hot  gas,  rich  in  carbonic  acid,  are  pouring  through  narrow 
belts  of  shattered  rock,  the  death  of  men  who  are  stopped  in  one  of 
these  belts  may  have  a  more  complex  cause. 

(4.)  The  most  appalling  accident  which  can  occur  in  mining  work, 
the  falling  of  men  down  a  deep  shaft,  repeats  itself  in  the  Comstoek 
mines  with  a  frequency  which,  I  believe,  is  unknown  elsewhere.  Six- 
teen occurrences  of  this  kind  took  place  in  twenty-two  months,  and 
ten  of  the  casualties  were  fatal.  There  were  seven  falls  in  the  shaft, 
six  in  winzes  and  one  in  a  chute,  and  three  in  the  floors.  One  of  these 
deaths  was  traceable  to  the  effects  of  foul  air,  the  lights  having  gone 
out  and  the  party  being  on  the  cage  in  retreat  from  the  drift. 

These  dreadful  accidents  being-  more  common  on  the  Comstoek  than 
in  any  other  mines  that  I  know  of,  it  is  important  to  ascertain  whether 
this  frequency  is  attributable  to  the  heat.  In  some  cases  we  may 
answer  in  the  affirmative.  When  a  timberman  repairing  the  ujjcast 
shaft  of  an  unusually  liot  mine  falls  to  the  bottom  we  may  fairly  con- 
clude that  the  tendency  of  blood  to  the  head  which  the  lifting  of  a 
heavy  weight  occasions  may  have  been  increased  to  momentary  stupe- 
faction by  the  heat,  steam  and  ga.ses  of  the  shaft.  But  though  my 
own  impression  before  examining  this  subject  was  that  the  heat  was 
largely  accountable  for  these  mishaps,  I  am  forced,  by  a  study  of  the 
casualties  in  this  record,  to  admit  that  this  is  not  the  most  frequent 
cause  of  them.  If  the  Comstoek  miner  is  more  liable  than  his  fellows 
to  this  form  of  accident,  it  is  because  he  is  more  often  called  to  work  in 
the  shafts  after  they  have  been  completed. 

The  Comstoek  shafts  are  all  sunk  in  the  hanging  wall,  and  the  vast 
■excavations  which  have  been  made  in  most  of  the  mines  make  the  set- 
tling of  this  wall  inevitable.  But  besides  that,  the  Comstoek  rocks 
are  forever  moving,  swelling  and  forcing  the  shafts  out  of  line.  No 
shaft  there  is  in  jjerfectly  good  condition.  Some  stand  remarkably 
well,  and  keep  in  working  order  for  years,  while  others  require  frequent 
repairs ;  but  from  the  day  they  are  completed  their  deterioration  is 
steady,  until  a  general  overhauling  is  necessar}'.  They  are  timbered 
in  a  manner  which  allows  remarkable  variation  from  their  original 
alignment  without  loss  of  local  support  to  the  ground,  and  this  timber- 
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ing  ih  rapidly  and  ruiiveni«.'iilly  n3ulju>Uil  when  pii^iati  too  far  t»ut  ot 
liiu'.  TIm'  wnrk  <»f"  n-|Kiir  i.-  ii«'<"<->Kirily  (laiijjcrou.-  aiiti  iii<>n-  liay-inl- 
oiih  in  a  hut  Ht4-uiuiii^  U|x-u;^t  ^liat't  tiuiii  in  a  uunl  ouc,  ami  it  i>  to  tli«' 
rrw|iic*ncy  with  \vhi«*h  the  ('oin^to«k  luintT  ih  cailc*!  u{Min  t«»  |H.ri*onn 
tliih  work  that  thr  nuniUr  of  fall^  in  the  hhaft  lb  to  be  uttrilnited.  It 
is  alho  iiiKletiiaMc  that  the  iiiifavonihle  he:it  (x>ii(liti(»iU4  nuiy  omtrihiit** 
o.'M'iitially  t4»  the  rt>tilt,  hut  «»f  tl»e  two  niux^  I  i-ouhider  that  fn-«ju«iit 
o|i|M»rtiiiiity  M  the  greater. 

Ihil  the  falling  of  tinitxTno-n  i>  not  tiu-  only  ni<MU-  in  which  tiii.o 
:ir»-i«h'nt  <M-«Mir>.  Another  i."  the  {inMluet  of  pure  torgetl'uln***'.  A  man 
working  near  the  shaft  will  sonietiiue»  xtep  otl'  up«>n  vaeiuiey  an<l  MMit 
his  tieath.  The  movement  is  nuule  (|uietly — not  in  the  heat  of  :i<-tion. 
hut  :ifl4-r  th<-  completion  of  H»me  task — and  alK)Ve  gnjunU  sueh  ai'tion^ 
are  uttrihut4'<l  t«t  "  aliMnt-niintJitlnervx."  I  think  tht»  stiite  of  inuetive 
|M'i-eeption  is  exeeptionally  fn-^iient  among  ( 'onisttMk  miners,  and  it 
-taixls  in  such  strong  c<»ntnf«t  to  the  hahits  of  fon-thoughtfuln«-ss  to 
which  they  train  theni.s*.'|ves  that  we  mii-t  attrihute  it  to  the  eHii-t  of 
[thysiiul  exertion  in  hot  air. 

Another  cjjfv,  of  falls  in  the  >haft  an*  partly  due  to  the  high  prot«->- 
'>ioiial  spirit  aixl  senr<e  of  individual  res|>on.sihili(v^  which  ntaki-s  the 
W  (.-stern  miner  one  of  the  mo>t  tru>tW'orthv  of  Ids  ehu«i.  This  m<ide 
ot"  »Mfurreiu-e,  which  i.s  une\|M-cte«ily  tiinpient,  i>  the  pushing  of  a  iitr 
into  u  shatt  whciv  then*  is  no  cjige.  This  is  sometimes  due  to  pun- 
al)M.'iit-inin<ledntrs8,  and  s«tnietimeA  to  an  interruption  «>f  the  n*utine 
work  hy  a  t^e  g(^>ing  up  empty,  with  a  nusssage,  with  t«N»ls  or  with  a 
|Mtss<ngi'r.  It  is  siitl  to  U-  a  tJiet  that  when  a  ctirman  has  pu-.he<l  his 
car  to  the  o|M-n  shaft  an<l  h:us  suddenlv  awakene*!  to  the  dniidful  situ- 
utiou,  he  never  fails  to  sacritie*-  his  own  life  in  etJ'orts,  however  ho|ie- 
l«'ss,  to  stop  it.  Whenever  a  c:ir  thunders  down  the  shaft,  then-  U 
always  a  man  with  it,  ami  whenever  the  circumstan«f!«  hav*-  omie  unthr 
ol>s«.Tvati(tn,  it  hxi  been  evident  that  the  !«•«  of  life  was  not  «lue  to 
~tu|K'faction  hut  to  a  d«»gge<l  determination  to  stake  everything  on  the 
liojK-  of  pnventing  a  jH«isihle  t-alamity  ti»  men  Ulow.  The  spirit  is 
well  illustnitttl  by  the  act  of  a  man  who  fell  down  a  shufi  at  Il«Mlie, 
and  us«xl  his  liust  bniith  in  ndling  out  "  Loi»k  out  U-low  I  "  Though 
this  ejisualty  ap|M>:irs  so  frightl'ul  t»»  those  who  witness  it,  it  is  pn>l«d>lv 
:us  |uiinless  as  other  m«Hh>  ot' ivrtiiin  instantane«>us  dtiith.  I  have  Uvn 
told  that  th«-  unt'ortiuiate  men  always  lone  tbtiir  shoi-H  in  their  fall,  and 
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also  that  they  invariably  reach  the  bottom  sooner  than  the  car,  if  one 
falls  with  the  man. 

(5.)  The  history  of  blast  accidents  in  the  Comstock  mines  enforces 
the  truth  that  the  nitroglycerine  explosives  do  not  enjoy  the  immunity 
from  ignition  by  friction  which  has  been  asserted  for  them  so  confi- 
dently. We  have  to  admit  that  a  box  of  cartridges  can  be  thrown  off 
a  house  with  safet}'^,  for  that  ha.s  frequently  been  done,  but  inclosed  in 
a  drill-hole  they  have  been  fired  repeatedly  by  friction,  jarring  or  a 
blow.  Out  of  fourteen  accidents  five  occurred  from  the  explosion  of 
unsuspected  cartridges  by  one  of  these  causes. 

Two  cases  of  wounding  are  peculiar  from  the  fact  that  the  exploding 
<?artridges  had  been  in  the  rock  a  long  time.  Each  of  them  lay,  not 
in  the  header,  but  in  the  floor  of  a  drift  or  chamber,  and  the  accident 
occurred  when  orders  were  given  to  lev^el  up  the  floor.  The  explosions 
were  in  different  mines,  and  one  of  the  miners  was  using  a  pick,  the 
other  a  gad.     Neither  was  killed. 

Two  men  were  wounded  by  the  explosion  of  a  cartridge  which  they 
were  drilling  out  for  repriming.  Three  accidents  occurred  from  the 
explosion  of  old  cartridges  left  in  the  header,  the  presence  of  which 
was  not  suspected,  and  which  were  fired,  not  by  direct  impact  of  the 
tool,  but  by  the  jar  or  the  crowding  in  of  the  rock  upon  the  cartridge 
owing  to  the  starting  of  a  new  drill-hole  near  by.  Two  of  these  were 
caused  bv  machine  drills,  and  one  by  hand  drilling.  It  is  supposed 
that  in  some  cases  at  least  the  exploding  cartridge  was  not  a  complete 
one  but  merely  a  fragment,  the  upper  portion  having  done  its  work. 
This  seems  probable,  for  instance,  in  the  cases  of  the  two  men  who 
were  injured  while  levelling  off  the  floor,  for  it  is  hardly  conceivable 
that  a  full  cartridge  could  blow  up  the  floor  beneath  a  man's  feet  and 
leave  him  alive. 

One  of  the  explosions  took  place  under  peculiar  circumstances,  which 
exhibit  very  well  the  sensensitiveness  of  nitroglycerine  to  the  conditions 
in  which  it  is  placed.  A  hole  having  missed  fire,  the  next  shift  opened 
and  recharged  it.  After  lighting  the  fuse  the  men  waited  the  usual  time, 
and  one  of  them  then  went  to  the  face  and  found  the  cartridge  was 
"  boiling,"  making  what  miners  call  a  "  stinker."  It  was  concluded  to 
drown  the  hole  out,  and  a  man  took  up  water  from  the  wet  floor  in  his 
shovel  and  threw  it  on  the  boiling  cartridge.  While  stooping  for 
another  shovelful,  the  half-burnt  charge  exploded.     The  superintend- 
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<*nt,  Mr,  Konnan,  who  wjis  pn-Hont,  attril>ute<«  the  expl»iHii»n  to  the  o*»ii- 
finenicnt  of  jjan  hy  tho  water,  ami  the  «ugjijwtion  w  a  wiwible  »»iie. 

(6.)  Hointiii^'  on  th«-  Coin-tor-k  has  ixtiiliar  «hiii^rer«*  fn»rii  the  rnov«- 
iiient  of^roiiml  in  the  xhatts  aln-ji«lv  s|»okfri  of.  It  i-  often  ini|MiFSF<i hit- 
to  kwp  the  jfiiides  in  anything  appnau-hin^;  a  ^tmifrht  line.  The  nhovf 
i.s  not  onlv  ••on^iflrnihh',  Init  it  is  fn-ipniitlv  <-«»nrtn«'*l  to  «.hort  n-sM-h«*> 
in  the  shaft,  an<i  this  disphuvnient  of  lin«'  is  the  eaa*H*  of  fn'«ju«nt  «lan- 
ffVTs  an<l  sometime**  of  fM»rioii«  oaxnaltieM.  The  eafje  sway.x  fn»m  *\i\v  to 
xi<le,  with  motion  snfKci«'nt  to  make  it  al>solnt«'lv  ne<'e^♦«r^•  to  ho|«| 
firmly  to  a  nxl  phu"e<l  in  the  top  for  the  puqxine.  Amon^  the  (n^iiai- 
ticH  of  1h77  was  one  <'auM*«l  hy  thf  vioN-nt  sur^in>j  of  the  in^ji"  in  th< 
C'onsoli(late<l  Virj^inia  shaA,  hy  which  a  miner  Hits  thrown  off  his  Iwi- 
atice,  one  fiM»t  jr«»i'i^^  over  the  side  H«'  «'?*<':ipril  with  a  ••prain«"«l  ankU-. 
Sti<'kin^  of  thr  cap-  diirinj;  it.s  d»">«i'nt  and  it*«  snlift^-^pH-nt  tall  with  a 
jerk,  is  one  of  the  m«wt  fnnpient  eatmes  of  tht-ne  arvi<lent^,  an«l  the  rap- 
i:*ometim«'s  also  j^ivf-s  a  sodden  ImmuwI  when  risinjr. 

(7.)  Thon^h  overwinding  i.s  neither  the  m«»^t  fre<|uent  sonr*^-  f»t" 
«tsimlties  nor  the  moHt  fatjd  in  its  result.s,  it  has  amib^ed  more  attention 
than  any  <)ther.  In  twenty-two  nionth>,  ("ajres  <-«intJtinin^  men  wen* 
twi<xi  "  nin  into  the  sh«'avej<,"  as  the  hn-al  fxpnis^ion  is,  ami  I  liavi- 
notfs  of  tour  others  when-  no  men  wen*  hoist^l,  hut  one  of  whii-h 
prt)ve<l  injuriou.s  to  p»'rson>.  Two  of  the  fatal  ea^^  ovtimil  at  th»- 
same  mine  within  fiv«'  and  a  lialf  month-,  :\Ui\  th«'  othrr,  whi«h  wa-» 
mus*"*!  I>y  overwindinj;  a  Ih-jivv  hailing  tank,  follow«"«l  -^mn  at"t«'r. 
Thes««,  an<l  the  running  of  several  emptv  or  ore-ljulen  eaj^'?'  into  th< 
sIh-.ivi's,  mad*'  a  ^niit  ex<"itement,  and  th«'  Sw-it-tv  of  Kii^in«ir«  tri«i| 
to  prove  that  the  men  at  the  enpn«f«  wm-  overworkeil.  fhty  tormerly 
worke<l  twelve  hours  at  many  shafts,  and  on  srdiritiition  were  reihu^'«l 
to  eijjht  hours  at  some.  The  pav  for  twi'lve  hours'  work  wst-  ii-ualK 
$6,  and  for  ei^jht  hours  $4.')<>  or  $'). 

One  n>sult  of  the  exritement  o<x'asion«'«l  hv  the»H'  dreiulful  c-aiiualti*** 
>vas  the  intniduetion  of  several  safetv  «levieo..  N«»thin^  new  wa> 
]>r»sent*Nl,  then*  iH'inir  dt-tarhinj;  di>vi<"es  whi«"h  drjuMxhil  *>\\  >afetv 
iiiteht's  for  su|i|Htitin^  th*'  <"j»^*  when  (T»nn<'«'tion  with  the  i-ahie  wa- 
.severe<l,  others  with  «'np<><'iid  chairs  to  detain  the  <"«^,  and  or.e  with  a 
rojH'  wotind  on  a  fals«»  nt'l  to  sup|»ort  the  cjihle  and  oirr)-  it  <|nietly  to 
the  hoisting  drum  or  reel.  In  addition  the  iLsual  appliam^r-  for  thn>t- 
tling  the  exhaiLst  fn)m  the  <'ylin<lerH  of  the  hoistinjf  engine,  shutting: 
off  stenm  ^nulually  and  putting  on  the  hrake  ha\-e  heen  re-inventctl. 
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The  gallows  frames  at  most  of  the  old  shafts  are  thirty-five  feet  high,, 
and  with  a  "  double-decker  "  cage  that  takes  up  twelve  or  fourteen  feet 
of  this  space,  it  is  evident  the  engineer  has  but  a  small  margin  for 
safety.  The  new  shafts  have  frames  forty-five  feet  high^  It  seems  to- 
me that  the  disinclination  to  use  preventive  appliances  should  be  over- 
come. The  tendency  on  the  Comstock  is  to  employ  mibalanced  reels^ 
and  with  these,  mere  bleeding  of  the  steam  pipe  should  be  sufficient 
to  prevent  serious  injury.  With  balanced  reels  it  would  be  absolutely 
necessary  to  put  on  the  bi*ake  also. 

(8.)  One  of  the  accidents  classed  among  the  miscellaneous  causes  is- 
worthy  of  attention.  Several  years  ago  an  electric  signaling  apparatas- 
was  introduced  into  the  Savage  mine,  but  abandoned  on  account  of  tlie 
uncertainty  of  its  signals,  which  would  sometimes  sound  without  human 
aid.  In  1877  a  new  apparatus  was  put  in  with  improv^ements,  which 
it  was  thought  would  prevent  this  disadvantage,  but  after  working  well 
for  some  time,  it  failed  one  morning  and  caused  a  fatal  casualty  b}' 
sounding  only  three  bells,  when  ten  were  intended.  Whether  the  sig- 
nal man  was  at  fault  is  doubtful,  but  it  is  a  fact  tliiit  the  apparatus  had 
worked  badly  that  morning,  and  before  the  accident  a  man  had  been 
stationed  to  signal  with  the  bell-rope  in  case  the  battery  did  not  work- 
There  is  little  confidence  in  the  electric  mode  of  signaling,,  and,  I 
believe,  it  is  not  in  use  now  in  any  mine  on  the  lode.  A  small  wire 
hand-rope  is  used,  and  on  the  whole  is  safe  and  convenient. 

In  looking  over  this  list  of  casualties  it  is  evident  that  the  accident* 
which  possess  most  interest  are  those  which  have  near  or  remote  con- 
nection with  the  heat  of  the  mines,  for  the  latter  are  sinking  with  great 
rapidity,  and  becoming  hotter  each  year.  During  the  past  eighteen 
months  they  have  been  deepened  four  hundred  to  six  hundred  feet, 
and  it  is  difficult  to  deny  that  the  greater  depth  increases  the  chances 
of  accident  in  mines  which,  in  addition  to  the  ordinary  liabilities  of 
mining  work,  have  the  insidious  and  ever  present  effects  of  hot  air, 
water  and  rock  upon  the  physical  and  mental  condition  of  the  men. 
While  I  have  never  myself  doubted  the  ability  of  the  excellent  man- 
agers to  carry  the  works  in  these  hot  rocks  down  to  the  greatest  depths 
that  are  anticipated  for  mining  in  any  region,  I  find  there  is  wide- 
spread doubt  in  the  West  upon  this  subject.  There  is  an  impression 
that  the  Comstock  lode  has  nearly  reached  the  end  of  the  mining  rope, 
and  the  reason  usually  given  is  that  life  cannot  be  sustained  in  the 
great  heat  of  the  lowest  workings,  which  heat  the  popular  mind  loves 
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to  cxajr^j'nif*'.  Tin*  n'<-onl  I  pn-x-iit  in  tlii."  |»:i|kt  >«IioiiIi|  Ik-  -iirti«'i<*ut 
to  «lis|)«'l  «.ii»li  (loul)tx.  ( )iit  111"  I'M  uiiiiltiit'^  twc'lvi'  wort-  «!inftly 
•  -.iiiM-*!  I>y  tin-  lnat  or  hot  \va!»T,  I 'iul<iultt<-<ll\  tin-  r:ill>  «»f  null  down 
a  >liat't  liavr  Ix-cii  (•:nis<^'<l  soriii'tiiiH'^  liv  -iiddi-n  <-xliaii!-tion,  «liu*  to  tin* 
heat  and  strain  in  M|K-jist  sllaf"t^,  Imt  on  l<M(kin^  ov<t  tlu*  arx-omiti*  of 
tlif  a<'ci(|cjit>-  of  this  kind,  which  an-  in«hidM|  in  tin-  alxivo  list,  I  f-an- 
not  tind  any  of  them  that  show  a  coniMH-titm  with  tliis  rjiiiM'.  The 
<asnalti<'S  |Mwitivf'ly  tnn'fahh'  to  the  hi-at  arf.  thtTcforf.  twt-lvo  hct 
<<nt.  of  th»'  whoh-.  IVohahly  tin*  hriit  inrn-jLH-**  the  \mi\  t'fW'ct!*  ol' 
powder  rnmcs  and  natnnil  pt***-?*,  and  hy  making  r»'|»air>«  to  the  shafts 
nion-  fre«juentlv  iHH'c-.sarv  it  adds  indire<'tlv  t<»  the  iKi-asions  when  dis- 
asters may  <km  iir.  I  al-o  eoidV'Sf*  to  the  Indicf,  whi«'h  i-  iimi  -n'-tainetl 
l>v  ol>s4'rvation>-  npon  s|Mcifir  •-.isMalties,  that  some  allowaiHf -hoidd  Iw 
made  for  a  less  active  mental  condition,  a  thiliin};  of  the  facnltit-s.  and 
a  certain  iccklessne>s  to  whi<"h  the  h<*jit  sometimes  jj<i!ic|s  the  men.  On 
the  other  hand  the  heat  maki-s  them  nion-  c:inti«>ns  ex«'*'j>t  when  niuh-r 
momentary  impnises,  ami  I  have  never  s«-en  Amerinin  miiu-rs  mon- 
cjirefnl  of  thems<'lves  than  in  the>«'  mines.  On  the  whoh-,  the  j^ihhI  and 
Itad  etfl'ct.s  of  the  heat  H^'in  to  nearly  halanct-  (wh  «»ther.  and  I  think 
that  an  allowance  of  five  per  crnt.  for  the  (U-naltiJ-s  indin-<-tlv  (-aii*^-«( 
hy  the  hi^h  iM-jit  wtnild  Ix-  sutlicient.  The  s|Hiirte  iun>  which  I  pn- 
~cnt  do  imf  warrant  c\cn  that  allowani**-.  The  aei-identx  n-eonh-d  here 
relate  to  a  time  when  the  numlH-r  nf  miners  at  work  in  the  di-trict  was 
from  thrtv  thonsmd  to  thirty-five  hnndretl,  inchidin^'  top  men  and 
mider);rowinl  men.  Mo^t  of  them  worketl  ei^ht  hours,  l»nt  Mime  of 
tln»so  on  top  had  twelve  hmir  shifts,  and  proUiMv  there  was  a  iimstant 
force  i»f  nine  hnndnHl  or  oiu*  thousind  men  Im-1«»w. 

It  is  not  |M»ssil)le  to  make  n  comiKiris*!!!  In-twci-n  thes*-  casualties  and 
ihc  amount  of  ore  raisiHl,  as  the  practi<f  is  in  statistirw  t»f  coal  mineai, 
tor  the  i-ejvson  that  only  two  f»ut  of  aUmt  forty  mini's  were  prfxinrinp 
MMich  ore  throujxhout  the  jx-riod  c»ivei'e«l  hv  the  list.  The  ••«»m|»aris4»n 
ean  Ik-  made  for  thos<'  two,  the  ('oiis4»lidate«l  Virjrinia  and  ('alifoniia, 
and  i»  as  fnjlow.  for  the  vesir  ISTS  : 

l'r»>|«orti»iii  In  Uhw  oit. 
NnmUr  ot"  ac<-ideiit.<«,   U>,  .  .      1  to  25,771 

Fatal  ("a-sualtit-s,  A.  1  (<•  61.>42 

('a>-iialtier*  not  fatal,         >.  .1  to  UJ.'JU 

ToiiK  of  or»'  extracttil,  267,7 1». 

Of  the  cjisualti*^  inrhuhHl  in  the  list  for  twenty-two  nunith^  therf 
Wholk  No.  Vou  (VIII.— (Third  Sr.Rii>,  Vol.  lnTiii.)  13 
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were  in  these  two  mines  twenty-five  accidents,  twelve  fatal,  and  eight- 
een not  fatal  casualties,  or  twenty-five,  twenty-two  and  a  half,  and 
twenty-six  per  cent,  of  the  whole. 

From  all  these  facts  I  conclude  that  increasing  heat  will  not  debar 
the  Comstock  mines  from  continuing  to  the  greatest  depths  wdiich  are 
•considered  practicable  in  tlie  existing  adjustment  of  mining  appliances 
to  the  market  value  of  mining  pnxlucts.  It  is  true  that  an  air  tem- 
perature of  108°  Fahr.  is  common  at  the  2000  feet  level,  while  110° 
<ind  112°  are  not  infrequently  observed,  and  that  a  drift  which  showed 
a  temperature  of  123°,  126°  and  128°  Fahr.,  according  to  different 
reports,  has  proved  to  be  the  most  deadly  on  the  lode.  It  is  also  true 
that  the  temperature  of  tiie  rock  is  increasing,  and  with  it  that  of  the 
air,  and  at  some  depth,  for  the  calculation  of  which  there  are  abso- 
lutely no  data,  the  temperature  of  this  drift  may  be  expected  to  i)re- 
vail  throughout  the  lode  unless  the  present  conditions  change.  But 
this  being  an  air  temj)erature,  it  is  always  possible  to  mitigate  it  by 
artificial  means.  It  is  already  observable  that  drifts  1800  feet  below 
the  surface  may  show  a  much  liigher  heat  tlian  others  400  feet  below 
them.  High  temperature  is  largely  a  matter  of  locality  and  tem})0- 
rary  conditions,  and  by  various  expedients  it  may  be  confined  to  its 
localities,  or  combated  in  other  ways. 

Deep  mining,  by  extending  the  line  of  work  through  the  moving 
lianging  wall,  and  compelling  increased  repairs  to  shafts,  will  perhaps 
tend  to  heighten  the  already  great  frequency  of  falls  of  men. 

In  addition  to  the  heat,  the  peculiar  mode  of  timbering  in  square 
sets,  the  almost  exclusive  use  of  nitroglycerine  powders,  the  necessity 
of  frequent  repairs  to  shaft  timbers,  the  incessant  movement  of  the 
rocks  through  which  the  shafts  are  sunk,  making  accidents  in  hoisting 
anore  than  ordinarily  frequent,  and  the  necessity  of  transporting  large 
quantities  of  rock  through  narrow  gangways  entirely  by  human  labor, 
;are  the  conditions  in  which  mining  (jn  the  Comstock  may  be  said  to  suffer 
rather  more  than  the  usual  liability  to  danger.  Two  of  these  causes, 
both  connected  with  the  movement  of  the  ground,  may  be  exi)ected  to 
increase  with  depth.  Together  with  the  heat  they  comprise  forty  per 
cent,  of  the  whole  number  of  accidents,  and  we  may  therefore  sum  up 
•our  conclusions  by  saying  that  the  conditions  of  deep  mining  will 
increase  forty  per  cent,  of  the  causes  which  lead  to  casualties,  and  will 
leave  sixty  per  cent,  unaffected.  What  the  amount  of  this  increase  will 
be  cannot  be  foretold,  and  indeed  cannot  be  estimated  until  an  ore  body 
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li;i.<  Ik<ii  Iniiml  :ui<l  \\iiil<<<l  :it  j^rfat  depth.  S>  far  tin*  ywir  1879, 
mIiIcIi  is  |»i('-«'iiiiii('iitlv  one  of  (I«h'j»  sinking  i»ii  the  Corn.'<t<K*k,  lia<  l)een 
n'liiarkahly  tree  from  (-.isualtie.x. 

The  adtninistnition  of  the  mines  is  exii'lhnt,  and  thetiver^i^lit  amph-. 
Tliou^h  there  is  no  deelare<l  hiw,  I  ol)serv<>d  tliat  an  ae<*id<'nt  wits  likely 
to  \h'  followe<l  by  the  di.s<'liarj;e  of  sotni*  niinei>,  and  s«'veral  tiinj-s  the 
siitUnrs  went  Ix'fore  a  nia^istRit**  and  ni:id«'  oatli  that  they  were  not 
only  entinly  iniKKent  of  nej^li^entv,  hut  al».>M»lntely  i|tjnorant  that  tliere 
was  anv  danj^er  inipt-ndinjr,  or  that  there  wsis  anv  on*-  near  wh<»  e<juld 
1h'  injnrcd  if  an  ae<-id<nt  shnnhl  take  phur.  The  nian;i^ers  j^-iin  to 
have  comr  t<»  the  <'oiicln>ion,  which  j;nide>-  thf  t"ninn*rs  of  Hinie  Kiin>- 
pean  njinin^  laws,  that  actidents  will  not  «-e:LS4'  nntil  th»-  dainaj^e  Is 
assessed  on  every  one  in  the;  nei^hhorlnKKl  of  the  ea.-nalty,  innixvnt  or 
guilty.  Tiie  Min<'rs'  I'nion  Ls  an  a<tiv«'  and  |>owerfnl  ImkIv,  and  tloes 
not  hesitate  t<t  e.\pres.s  an  <>|)inioii  on  the  ntudnct  ot"  the  mines. 


The  Compass.  The  si-f-ret  of  the  steailint-ss  of  a  larjre  »'umjKi.ss  is 
tJie  longn(•.s.•^  of  it>  xihrational  jM-riml,  and  a  small  rani  wonid  havi*  tlie 
same  .steadiness  as  a  large  one  if  its  vibrational  jH'rio<l  were  tiie  .same. 
How  little  this  is  known  is  illustrate<l  hy  iln'  metluHls  of  pn»<'nring 
steadiness  in  connnon  iise.  In  son u' (as  in  the  Admindty  "  J  "  <^inl, 
jimvided  for  nse  in  st<irmy  weatlur)  there  is  a  swelling  in  the  middle 
oi"  eaeh  (»f  the  steel  neetUes  to  make  them  heavier;  in  others  In-Jivy 
l»ra.ss  weights  are  attaehe<l  tt>  the  eomiKLs-  cards  :ts  near  the  centre  as 
may  l)e,  heing  sometinu's,  for  instance,  in  the  form  of  a  small  hpit* 
ring  of  ahont  an  inch  and  a  half  in  diameter.  An<»ther  method, 
.si-iinrly  less  scientific,  is  to  blimt  the  Uuiring-point  hy  grinding  it  or 
striking  it  with  a  hammer,  jis  luis  not  nnfreipiently  Uvn  done  to  rentier 
the  compass  "  le»is  lively,"  or  to  till  the  cup  with  hrick-ilust,  as  is 
reporteil  by  the  Liverpool  Compass  Committei'  to  have  Ut-n  once  <lone 
at  seji  by  a  captain  who  was  surj)risc<l  to  timl  afterwanis  that  his  tnimpiu* 
<t»uld  not  be  trusted  within  a  couj)le  of  points.  All  these  mcth<Nls  are 
tniindrd  nn  the  idea  that  tViction  on  the  U'aring-j>oint  is  the  cure  for 
unsteadines-..  In  reality  fri<'ti<»n  intDMhuvs  a  jHt-uliar  unstca«lini>ss  of 
a  v<'rv  serious  kiutl,  and  is  very  inetl'ettive  in  n'uutlying  tin-  pro|»er 
luisteadiness  of  which  something  is  CHSt'Utial  and  inevitable  in  a  iH>m 
pass  «)n  Utard  a  ship  rolling  in  a  hejivy  sea  an»l  steering  on  any  other 
course  than  due  east  or  due  wi>st. — Sir   H'.  Thoinp»on. 
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NEW   APPLICATION   OF  RAPID  OXIDATION  by  which 
SULPHIDES  ARE  UTILIZED  as  FUEL. 


Bv  JOHX  HOLLWAY. 


This  process  has  for  its  object  the  utilization  of  the  heat  generated  Ijy 
the  rapid  oxidation  of  certain  mineral  substances  which  have  not  hith- 
erto been  used  as  sources  of  heat  for  smelting  operations.  The  heat 
thus  obtamed  is  employed  in  the  reduction  of  the  furnace  charge^ 
which  may  be  composed  ])artly  of  sulphides  and  partly  of  siliceous  ores. 
A  current  of  air  is  forced  through  molten  sulphides,  by  which  means 
they  are  very  rapidly  oxidized.  Great  heat  is  thus  developed,  render- 
ing the  process  of  smelting  a  self-supporting  operation ;  therefore,  no 
extraneous  fuel  is  required,  excepting  that  emi^loyed  in  raising  steam 
for  the  blowing  engines ;  where,  however,  water  power  is  available,, 
steam  can  be  dispensed  with,  in  which  case  all  the  carbonaceous  fuel 
necessary  for  the  operation  is  a  little  coke  to  start  the  furnaces,  whicli 
stands  in  the  same  relative  position  to  the  ores  as  ^vood  does  to  coal  in 
the  lighting  of  an  ordinary  fire. 

It  is  well  known  that  pyritous  minerals  are  readily  combustible,  but 
the  best  means  of  utilizing  the  heat-producing  property  of  metallic  sul- 
phides is  not  so  apparent  as  would  at  firet  sight  appear.  Of  these  sul- 
phides only  iron  pyrites  is  sufficiently  combustible  at  a  low  temperature 
to  burn  in  the  open  air,  the  mass  being  raised  to  the  temperature  at  Avhicli 
the  oxidation  takes  place  solely  by  the  union  of  sulphur  and  iron  with 
atmospheric  oxygen.  In  Spain  there  are  nmnerous  deposits  of  poor 
cupreous  pyrites,  and  the  Rio  Tinto  and  Tharsis  Companies  annually 
treat,  at  their  mines,  about  one  million  tons  for  the  extraction  of  copper 
only,  which  does  not  average  2  per  cent.  The  process  employed  con- 
sists essentially  in  roasting  the  pyrites  in  heaps  in  the  open  aar,  dissolv- 
ing out  the  copper  from  the  roasted  material  and  precipitating  it  from 
the  solution  by  means  of  iron.  These  operations  extend  over  several 
months ;  any  gold  or  silver  contained  in  the  ore  is  lost,  and  the  iron: 
and  sulphur  are  also  wasted.  The  sulphur  passes  into  the  air  as  an 
obnoxious  and  annoying  gas,  desolating  the  country  for  miles  around 
the  works. 

From  the  earliest  ages  carbon  has  been  considered  a  necessity  in  all 


^pt.,  1879.]  /foilirilif SuljjhUU.M  tLM  Fufl.  181 

metallur^iral  M|Mniti<tii-..  Tlit-  tirst  ntliictiMii  uf  metal-  by  iiksulh  of" 
'f-sirlxiii  t'oriiio  a  coiuK-ctiii^  link  lM-t\v<-4'ii  tiic  ugv  of  i^toiu*  uiid  tlu*  ciuii- 
iiitiKriMful  uf  civili/j-*!  art.  It  i-*  well  known  that  i-;irlxMi  l»urn-  at 
Mi<l«'ly  varying;  t«'rn|>«Tatnn*s,  as  for  i-xanipN*,  in  our  lnKli*--,  in  a  ••»ini- 
nion   <(»al    tin-,  or   in    a   tiiriKu^ .      A  ^n-]it    <li-ul   of  tliou>;lit   )m^  Itecn 

N-vutiil  to  tlir  snlijM't  of  t-i-onorni/in;;  mrlxinait-ou.s  fuel,  an<l  jffwit 
-ulvan«x?i  lmv«'  lMt,'n  made  in  tlii>  «lire<-tion  ;  yet  the  e.\|ien«litun' of  (^lul 

T  foke  ue<"tt<Mury,  Hay  to  melt  a  jfiven  qimntity  of  nietul,  ntill  far 
•  xeee<lH  the  theoretitiil  limit.  The  main  (■:iaM">  of  thi-  tli-MTi'iwnev  nuiv 
•le  atv-ount^MJ  for  an  follows; 

1.  Only  part  of  tin*  oxyp-n  of  tlu- air  pa-^-in^  into  fnrn:uv  ai-th  on 
'Ik-  material  to  U-  ioirnt. 

2.  The  oxyp-n  i>  not  hron^ht  in  ninia«t  witli  tiie  ••»»ml»U'»til»l«-  mat- 
'ir  with  sntlirient  nipi<lit\  \>>  '>l>tain  the  nc.-.«sir\  t<  in|Hr.itnn  \'>>r  tin- 
"|Knition. 

."].  ( iiL-M-^  pa-s- oil  h.tt  aii<l  iinl>urni.  1  1h-m'  an-  now,  how«-v«-r,  frv- 
^^pMiitly  ntili/e<l. 

There  is  one   metal lnr^ie:il  o|M>ration   in  whieh  the  hr>t  two  Mmnx> 

•f  l<K-  are  avoideij,  \  i/.,  '*  lii-jssemer'.s,"  where,  by  blowing  air  through 
molti-n  <Tude  iron,  a  very  hi^h  tem|N;ratnre  i»  attainetj  bv  the  •i»ii.' 
tioii  nf  small   <|Uantitie>  ut'  nirbon   and   sili(*«tn   contained  in  the  >     .  . 
iron  ;   this  Is,  however,  not  tiie  tus^*   in   the  pr«»ei>.-  of  puddling,  when 
'lie  oxidation    is  spre-ad   over  a   (•onsitlenibh-  jM-rioil  of  time,  altlion^h 
[lie  simr  eon>tituents  are  tVeipiently  burnt  in  -imilar  pn»|N.rtions.    Jlut 

v«ii  in  the  llfHsemer  priKM':s<.  the  iiirlntn  is  only  halt'  burmil,  and  a 
larp-  amount  ot"  In-iit  e>eji|>es  with  the  earlN»nir  oxitle  and  nitrop-n. 

NN  hen,  howi'Ver,  thin  stn-ams  of  air  an-  t'onrnl  through  molten  >ul- 
jihideof  inm,  lyinjf  on  a  tuy^rv  heiirth.a  hij;h  tem|Kruture  i.-  pphIuhhI 
l>y  the  jK-rfiK't  nunbiLstion  whieh  ensues  in  tin-  mitlst  of  the  -ulphido, 
.in«l  no  unburnt  ^r«'-'**'>.  »X(vptin^  nitro^n  anti  sulphur  vji|"»r.  e-M-tiiH- 
from  the  surfaiv  of  the  molt*  n  ma^-.  The  hot  nitn^en  and  >ulphur- 
ous  a«-i«l  may  U-  i'aii-etl  to  art  u|ton  iron  pyrites  and  other  mineral 
matter,  and  wlan  pyrit<>s  are  thus  ImiUmI.  an  atom  of  Mdphur  held  in 
ti«b|e  eoinitination  is  in  ^nat  |»:irt  ex|Klle»|,  an<l  thu>  i««  obtaineil 
molten  prot«»iulphide  of  in»n,  whieh  is  sulis4<<|uciitlv  burnt  bv  the  uxv- 
_'«  n  of  the  air  ilriven  in  at  the  h»wer  \k\t\  of  the  furnan-.  then-bv  pn>- 
■luein^  the  heat  niit^sary  for  (xintinuin^  the  o|>crution.  The  pniei-s^- 
may  U'  doHntHJ  ais  a  sytom  of  fnu'tional  oxidation,  in  whieh  the  uuiimt- 
«>us  ««oustituents  of  u  (xmiplex  furnatv  eluirp*  ejui   In*  S(>|iarat4xl  tnan 
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each  other  and  concentrated  in  different  parts  of  the  apparatus,  the 
heat  necessar}'  for  the  operation  being  obtained  by  the  combustion  of 
a  portion  of  the  less  vahiable  constituents. 

The  principal  ores  of  all  our  ordinary  heavy  metals,  except  manga- 
nese and  tin,  are  sulphides.  Iron,  though  largely  occurring  in  an  oxi- 
dized form,  is  abundantly  found  in  combination  with  sulphur;  and 
bisulphide  of  iron,  or  iron  pyrites,  is  an  example  of  sulphurous  and 
combustible  minerals.  Associated  with  iron  and  sulphur  in  iron 
pyrites  are  invariably  found  small  quantities  of  other  metals,  notably 
cobalt,  nickel,  copper,  silver,  gold,  lead,  zinc  and  arsenic.  Of  these,. 
zinc  is  almost  as  combustible  as  iron  itself,  while  lead  and  arsenic  read- 
ily volatilize  as  sulphides,  and  cobalt,  nickel  and  copper  are  distinctly 
less  readily  oxidizable  than  iron,  while  silv^er  and  gold  do  not  oxidize 
under  these  conditions ;  hence,  in  supplying  air  to  such  material,  the 
iron  is  the  first  of  the  elements  to  suffer  oxidation,  so  that  if  the  oxi- 
dation be  arrested  before  the  whole  of  the  iron  has  been  burnt,  the 
cobalt,  nickel,  copper,  silver  and  gold  present  will  be  found  in  the 
unburnt  portion.  This  principle  finds  a  parallel  in  the  Bessemer  pro- 
cess of  treating  pig-iron  for  the  manufacture  of  steel,  where  a  current 
of  air  is  caased  to  bubble  up  through  a  bath  of  molten  crude  iron,  the 
silicon  Ls  first  oxidized,  and  is  closely  followed  and  to  a  great  extent 
accompanied  by  the  carbon,  and  no  large  amount  of  iron  suffers  oxida- 
tion, until  the  whole  of  the  silicon  and  carbon  have  been  burnt  out  of 
the  molten  material. 

The  experiments  made  at  Messrs.  Cammell's  works,  at  PenistonCy 
in  a  Bessemer  converter,  have  proved  that  by  blowing  air  through 
molten  sulphide  of  iron,  the  iron  and  a  portion  of  the  sulphur  are 
oxidized,  and  if  the  oxidation  is  arrested  before  the  combustion  of  the 
iron  is  complete,  a  heavy  matt  or  regulus  is  obtained,  which  contains 
but  a  small  proportion  of  the  iron  of  the  ore,  but  practically  the  whole 
or  the  greater  part  of  the  copper  and  other  less  oxidizable  metals.  In 
one  of  these  experiments  the  molten  sulphides  were  run  into  the  con- 
verter from  a  cupola  in  which  they  had  been  previously  melted,  and 
the  temperature  was  kept  up  until  the  operation  was  discontinued,  viz., 
for  a  period  of  ten  hours,  ^vithout  the  use  of  any  carbonaceous  fuel,, 
the  heat  being  entirely  derived  from  the  oxidation  of  the  iron  and  a 
portion  of  the  sulphur  of  the  lumps  of  pyrites,  which  were  continu- 
ously thrown  into  the  mouth  of  the  converter.  A  Bessemer  converter 
being  unsuited   for  the  collection  of  the  gaseous  products,  the   later 
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<xjMTiin('Ht<  liavf  Ixfii  iii.-ulr  in  a  Mri*-««  of"  cuiMtla  t"iiriia«-«-  Ix-Iun^riii^ 
to  M«*ssr^.  John  Brown  «V  ComiKiny.  TIhs*'  cxjMTinH-nfs  hav»- 
prov^l  tlir  iMc-ilMlity  of  oKtainin^  a  valiiaM<-  n•^^Ill^,  a  •■la^  iH-rirlx 
frfc  from  ro|)|M-r,  ami  a  coiHHli-niMr  (|iiantitv  of  <tu«I«-  ^'iilpluir. 
.M.  I*«»iini'l,  the  well-known  i-ln-mist  of  tin-  T«'rn'rioir<*  ConijKiiiy,  lia* 
al>*o  ina<l<'  *onir  v<t\'  inf<-r«'stintr  ••x|MTinM'nt.-.  Iiaviiip  tn-aitiil  l»y  thi> 
nH'tlio<l  a  rii|»riffrons  <nl[tlii(li'  ot"  antitnonv  ••ontaiiiinjr  l«":nl  arj«l  zinc, 
tisin^  ln';ivy  spar  an<l  -ilicji  :l<  Hiix<->  ;  In-  ol»taiiH'<l  a  n*;;iilu<  «-«»iitairiin^ 
the  whole  <»f  thf  cupprr  in  tho  form  of  sulphide,  a  mIo^  <»f  lijrht  kjk»- 
«'itie  jrrvifv,  aiitl  the  lead,  zinc  and  antiinonv  its  two  ^-iKinite  >.nl»li- 
ii»att!s  whieh  were  ef)n(lens<'«l  in  «lirt»Tent  parts  of  the  upjKinitiLs,  owin^ 
to  the  sujM'rior  vohitility  of  -nlphide  of  Icjui  over  the  oxidrs  <»f 
antimony  an<l  zine.  In  the  «>\|Mriiiieiits  at  IVnistoiie  and  at  Sheffi<ld 
a  «'«)ld  blast  of  air  w;l-  eni|»loy<'«|,  and  the  )PM^^  whi<'h  p:i.s«i4-«|  fn»in  the 
••onverter  or  furnaee  info  the  open  air  e:irri<'<l  away  with  them  a  larjj;!- 
ainonnt  of  heat.  In  pnietire.  however,  it  would  1k'  «'<-«inomie:il  t<» 
employ  a  hot  hla^t,  which  f-onld  l»e  lM';it<'<l  hv  the  waste  lH*:it  tVom  tli» 
e^-:ipinir  ir:is<*s.  ft  is  reinarUaMe  that  the  hntst  valuahlo  metal-,  viz.. 
iron  and  /ine.  irenemte  Wv  their  emn'ju-tion  the  lar^^est  iptntities  of 
heat. 

The  priM-o-  may  l»e  eniploveil  tor  tlif  ritluetion  ot"  even  th<-  mon- 
Volatile  metals;  for  examph',  Mr.  A.  11  Allen,  of  Sheffield,  has  x\\\\s 
obtained  metallic  antimonv  sinipiv  hv  the  oxiihition  of  «tdphide  of 
antimony.  It  i'^  well  known  that  sulphide  of  h-id  n-acts  u|>on  oxide 
of  lead  with  the  pnKluction  of  metallic  le:ul  and  -ulphuntu-  aci<|.  If. 
tln'n'fon',  a  limitJ-*!  amount  of  air  i-  Mown  into  molten  -idphide  of 
h-.»d.  th<'  oxide  thus  tormc«l  in  the  lower  |»:irt  of  the  furiuu^-  will,  in 
passinir  u|»wanl,  come  in  conta«'t  with  tin-  hot  sulphide  of  le:»d.  and 
metallic  lead  will  rc»-nlt,  with  the  evolution  of  sulphurous  aci<l.  The 
furna^"*'  having  a  ([uiescent  he:»rth  Ix-low  the  tuyeres,  the  metallic  le:i<| 
will  collect  tin-re,  and  ii\\\  U-  from  time  to  time  withdniwn.  A  lim- 
it«'<l  amount  of  air  must  U'  employed,  Ih*<-:ius4>  if  it  is  driven  in  to<» 
«pii<'kly,  the  sulphide  of  le:ul  will  rapidly  di-'til  oft'.  In  thu-  tn-atiui: 
arirt'ntifemus  |i«jul  ores,  tlu>  silver  (and  ir">ld  if  pres^iit^  would  U-  found 
with  th«'  tir*-t  metallic  lead  n>«lu«'cil.  When  thus  tre:itinir  'j^deua  the 
furna<'<'  shoidtl  have  a  l«t<i<'  lining. 

riu'  pr<Mt>->  i->  |HM'uliarlv  -uitaMe: 

1st.  For  tlu'  tmitment  of  metalliferous  <ul»stan«'es!  whieli  «^uujot  U- 
advantaireou«;ly  tre:»te<I  liy  other  pro«vKsos.      Fi»r  the  exf^    tion  of  sni- 


184  Hollway — Sulphides  as  Fuel.         (Jour.  Frank.  Insu 

phur  bv  di.stillation,  and  simultaneously  for  the  concentration  and  sep- 
aration of  cobalt,  nickel,  copper,  silver  and  gold  from  minerals  in  the 
form  of  metallic  regains ;  while  lead,  zinc,  antimony,  arsenic,  etc, 
accrue  in  the  sublimates. 

2d.  For  the  treatment  of  complex  ores,  for  example,  grey  antimo- 
iiial  copper  ores,  such  as  those  experimented  on  by  M.  Pourcel.  Ores 
similar  to  those  worked  at  the  well-known  Bottino  Mines,  Seravezza, 
in  the  Italian  Appennines,  which  contain  thirteen  or  fourteen  heavy 
metals,  including  silver  and  lead,  for  which  latter  alone  they  have  been 
Avorked  for  centuries.  The  blende  of  lead  mines  in  Derbyshire  termed 
"muck,"  usually  thrown  away  by  the  miners,  because  the  large  quan- 
tity of  Iciid  Avith  which  it  is  associated  renders  the  zinc  obtained  from 
it  worthless. 

3d.  For  the  treatment  of  auriferous  and  argentiferous  pyrites.  It 
is  well  known  that  in  practice  it  is  not  possible  to  obtain  tlie  whole  of 
the  gold  from  pyrites  by  amalgamation  with  quicksilver,  because  the 
presence  of  sulphur  and  arsenic  sickens  and  flours  the  mercury, 
Avhereas  by  fusion  the  whole  of  the  silver  and  gold'  present  is  obtained. 

4th.  For  the  treatment  of  pyrites  containing  even  only  small  per- 
centages of  cobalt,  nickel  and  copper,  which  are  thus  concentrated  into 
a  rich  regulus,  whereas  this  result  is  now  only  obtained  by  very  tedious 
processes  of  alternate  roasting  and  reduction.  Such  ores  containing  10 
per  cent,  and  even  12  per  cent,  of  copper  exist  in  South  America  and 
many  other  parts  of  the  world,  but  are  not  at  present  capable  of  economic 
treatment,  owing  to  the  difficulty  of  obtaining  a  sufficient  supply  of 
eheap  fuel.  The  process  can  also  be  advantageously  applied  to  the  treat- 
ment of  richer  ores  of  copper  such  as  are  at  present  smelted  at  Swansea. 

5th.  For  the  treatment  of  poor  lead  ores.  If  such  ores  are  added 
to  a  furnace  charge  of  cupreous  pyrites,  the  silica  they  contain  will  be 
utilized  and  combine  with  the  resulting  oxide  of  iron  to  form  slag,  the 
galena  will  be  volatilized  and  be  recovered  as  a  sublimate,  while  any 
silver  present  will  enrich  the  regulus.  At  present,  by  a  costly  process 
of  crushing  and  washing  these  ores,  the  galena  is  concentrated,  although 
a  large  proportion  is  left  with  the  debris,  and  passes  with  the  water 
into  the  streams,  rendering  the  existence  of  fish  in  such  waters  impos- 
sible. The  water  power  now  used  for  washing  the  ore  could,  in  many 
cases,  be  employed  for  producing  the  blast. 

When  thus  treating  cupriferous  iron  pyrites,  four  products  ar.' 
obtained  : 
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1-t.  A  malt  or  rr^iilii-  <uiitaiuiiij:  I'roiii  M)  to  ."><'  |Mr  Miit.  •»!"  ••"jp- 
|H.*r,  any  tnu-cs  ot'roUalt,  iii«k«l,.-iilvcr  <»r  ^;ol<l  tlif  <»n*  iiuiy  <-**iitain,  tli«- 
rest  ot'  it  \H.'\\\)r  iron  an<l  sulplmr;   it  lui-!  a  iiK-tifij-  gravity  of"  \\  to  •>. 

■_M.  A  'la^:  (•unsi>tin;f  of  -iljc-ati'  of  iron  from  tin-  r»->iiltin;r  oxitl<*  of 
iron  comlnnrtl  witli  \\iv  silii-«*on«  malt«'r>  iiintainMl  in  tin- on- and  the 
rinxi-  a<l<l«<l. 

•  Itl.  Sulilimnl  -iiljdiiir,  mop  or  l<->-  mixtxl  with  \olatil«-  (I'lnjumml- 
of"  l«'a<l,  /in*'  and  ar-^'nir. 

4tli.  Sulphurous  jja-^es  «un.'<i^>tin^  mainly  of  -ulphiirou^  a«  id  and 
nitro^t'U. 

Tlu'  rt'^uhis  «h)sfly  r('.->oml»U'>,  and  will  rfphu-*-,  tin-  otar^-  mttal  of 
the  SwuiLst'ii  r<»p|>er  piNM-css,  which  xs  now  oidy  oWtaim-*!  at  r-«in--i»U'r- 
al»U'  co^t  of  lahor,  time  and  (•arlMinai-cou*  fm-I.  Wht-n.  howtvtr,  sul- 
phid«'*  of  iron  and  roppcr  pro^nt  in  thi-  Iraili  an-  tn-atiil  rontinuoa-'ly 
l>v  a  iijast  oj"  air.  a  point  i"-  at  h-n^th  arrival  at  wht-n  tin-  wiii»lt' of  iht- 
iron  i-  oxidi/i*d,  and  the  rt'>;idu«  in  thr  Uith  ron>i''t"*  of  «ul>— ulpiiidt- 
of  tdppi'r.  If,  now,  a  limitotl  -npply  of  air  i>  intr«Klu<«il.  tin-  mpiKT 
is  rf(|n»vd  to  the  na'tallii-  state  with   the  evolution  of  •.ulphnrou>  lu  ul. 

The  sla;;  ohtaim-d  in  the  l^'nistone  experiment-  wa*  «*>'-4niially  "ili- 
':it«-  ot'  iron,  eontainin^  ahout  ~iii  |M>r  «-ent.  of'  iron  and  'J*.'  |H-r  tvnt.  «>t 
-ili<a.  It  had  a  density  of"  ahout  .J'H  to  4,  and  wa>  in  e«»m|»<isition 
-oniewhat  aliiftl  to  th*-  ••o|>jM'r-snielt«*r'>  <»re  turnatr  -la^  and  t»>  tin- 
t:ip-<iiuler  ot"  thr  iron-puddhr.  By  the  addition  of  i-ah-.in-ou-  mate- 
rial-, the  -«|K"iMfie  jinivitv  ot'  the  >la^  i>  -o  n-dutt-d  a-  to  t-.iu-4-  it  to  -4p-  ' 
;irat«'  nadily  from  tin-  n -^nlu-  whieh  lolhvt.-  U-low  it.  In  one  of  th» 
later  ex|>eriments,  when  lime  wa-  um**!,  the  pro|M>rtion  of'  rop|Mr  lo-t 
in  the  -la^  was  vrry  small.  Ihis  i>,  of"  eour.-<-,  a  nufi  im|Mirtitnt  |>oint,  | 
tor  when  deidin^  with  ore>  e<»ntainin^  hut  little  ••opinr,  the  pn-r^'noe 
*\{'  even  a  small  |K'ni'ntaj;e  in  the  sla^  nu':in-  the  lop*'of  a  ^.n-idindde 
})r«»p(»rtion  «tf  the  eopix-r  pnsM'Ut.  rin>i'  slap*  eiui  U-  ntdi/.«<il  for  the 
manufaetniv  of"  sttn-l,  In-in^  pnu'ti»';illv  -ilii-eon*  iron  oii-s  f"i-i-«'  f'nMu  \ 
phosphoru-,  and  tlii-ir  reiluetion  in  a  hiast  furnae«-  i-:in  lie  profitahly 
vfli't'titl,  a-  tin-  pro|Mirtion  of"  iron  prt-M-nt  is  hi^h  a-  timiiKintl  with 
thr  Wright  of"  the  mat«-rial  ;  indtttl.  it  mav  U-  |M»^^ii(|r  to  n-«hui-  tln-m 
while  in  a  molten  stat) . 

lly  iv-suhlimin^  the  eriule  sulphur,  it  ejui  Ik-  f'lx-e*!  tiXMu  all  impuri- 
lirs  exi-t'pt  arMiiie,  and  at  the  works  of  Mirvsrs.  .loiin  IIuiehin»on  *V: 
<'"..  W  idnes,  this  is  eliminatinl   by  niexias  of  |Mt|ysulplii«le  of  i-nlejuin. 

A-  a  certain  pro|H»rtion  of  the  sulphur  of  the  minends  •.utters  o»ni- 
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bustiou,  the  resulting  sulphurous  gases  contain  from  14  to  15  per  cent, 
of  sulphurous  acid,  and  hence  the  proportion  of  sulphurous  acid  to 
nitrogen  is  •  nearly  identical  with  that  of  the  gases  produced  by  roast- 
ing pyrites  in  the  kilns  employed  by  vitriol  manufacturers,  and  can 
therefore  be  used  with  equal  advantage  for  the  production  of  vitriol  in 
leaden  chambers.  This  appears"  to  be  the  simplest  solution  of  the  great 
problem  how  to  smelt  copper  without  causing  a  nuisance  to  the  sur- 
rounding neighborhood,  although  a  similar  result  might  be  obtained 
by  collecting  and  liquefying  the  sulphurous  acid. 

The  more  incombustible  materials  it  is  found  practicable  to  employ 
without  too  great  a  loss  of  temperatue,  the  wider  will  become  the 
application  of  the  process ;  for  there  are  many  ores,  including  silicates 
and  carbonates,  containing  metals  in  the  form  of  oxides,  which  might 
be  conveniently  smelted  by  mixing  them  with  a  sufficient  proportion 
of  pyritous  ores  to  eifect  their  reduction ;  in  fact,  one  of  the  chief 
practical  questions  connected  with  this  process  is  how  far  it  may  be 
trusted  to  eifect  the  smelting  of  ores  or  furnace  charges  containing 
comparatively  moderate  proportions  of  sulphides.  It  is  evident  that 
it  will  almo.st  entirely  obviate  the  necessity  for  using  carbonaceous 
fuel,  at  least  as  far  as  the  production  of  a  regulus  is  concerned,  and 
consequentl}'  the  localities  in  which  smelting  operations  may  be  advan- 
tageously carried  on  are  thus  greatly  multiplied.  One  of  its  chief 
merits  is  that  it  is  equally  applicable  with  comparatively  little  extra 
cost  in  the  working,  to  very  poor  and  very  rich  ores,  for  however 
small  the  resulting  regulus,  it  will  contain  nearly  the  whole  of  the 
cobalt,  nickel,  copper,  silver  and  gold  present  in  the  furnace  charge, 
while  any  lead,  zinc,  antimony  and  arsenic  will  be  obtained  as  subli- 
mates.— Nature.  .  " 

Confirmation  of  Prediction. — M.  A.  Gorgen  has  succeeded  in 
making  an  artificial  deutoxide  of  manganese,  having  all  the  properties 
and  characteristics  of  polianite.  It  was  obtained  by  heating  nitrate  of 
manganese,  very  slowly  and  for  a  considerable  time,  at  a  temperature 
of  from  155°  to  162°  (311°  to  323-6°  Fahr.),  in  a  glass  phial  placed 
in  a  bath  of  oil  or  paraffine.  His  experiments  confirm  the  hypothesis 
which  was  published  in  1860  by  MM.  Sainte-Claire  Deville  and 
Debray. — Comptes  Rendus.  C. 
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Shim-  mtv  n-iM:irk:il»l«-  'tat«'iin'iit-  wi-n-  m:nl<-  lMt<ir<-  tli<-  <  omtiiitt*-*- 
"t"  I'arlianient  on  IJ^'litiii^'  l»v  KK'^iricity.  Th*-?**  "*tat«*nwnt^  an- 
(•iiilMNli*tl  ill  tin-  n|M»rt.  :iihI  having  pinr  tlit-  nmml*  ortlw  pns**  with- 
out cxaiiiiiiatioii  (»r  «"*nniiit'iif,  tln-v  will.  in>  «l<Mil»t,  U-  ai|(i|»t«-«i  a-  -<'ttl«'«l 
Wwti*.  It  \n,  tli«rifMn',  vtTV  dt-^iniMr  that  th« v  -hfniM  Im-  fxaiuiiKil, 
and  that  an  iindcrstniKlin^  •«huiil(l  U*  iirrivwl  at  a**  U»  hr»w  (nr  tliey  an- 
n-liahU',  and  in  what  '*<'U'^'  th«'V  an»  triu*.  Wi*  will.  th<'n*f"n-.  <'«>in- 
iiH'iHT'  with  th<'  nMnarkf*  of  Sir  William  Th«»iii«^»n. 

I74«J.  Wv  an*  aiixioa*^  t«»  ohtain  ymir  opinion  upon  variou*  p<iint> 
foiinn'ti'*!  with  «'hi'tri«'  lijfhtinj;  |nTha|»K  you  will  let  nw  p»  to  th»- 
riMit  of  tlir  inattrr,  and  a-k  voii  lo  t«'ll  n-^  tin*  rmtyy  whirh  i-^  ii"*<<l  and 
rxhihitMl  ax  lijrht  in  tli«-  pnMliirtioii  of  thr  ihttri*-  an'.'  Tin*  «-mrv'y 
whifh  ix  artnally  U"**-*!  in  the  ehitrii*  an-  iv  alx»ut  1  horH«'-|»ower  jwr 
■_M<M>  i-iiidJc-iMiwrr,  or  •AM'ii  nion-  than  2I<N»  mndle-iHiwi-r,  no-»»nliin: 
to  till'  diint-nxions  and  other  cinMiiiL-'taiH'es  of  the  rh-tirie  an*. 

\7\~.  That  is  to  say,  1  hon«o-|M)wer,  if  fully  eniploywl,  pnidu«^-o 
24<M»  <~an<lle>  or  inon'.' — Yi-s,  1  hopH'-pow«r  aetually  in  the  el«trie  an- : 
1  horM'-|M»wer  spent  in  xtirrinjr  the  luininifi'ntii"  ••(h«'r  l»etwe<'n  the  ••:»r- 
Ixtii  |M)ints  and  on  the  surfaos  of  the  nirUm. 

174H.  Have  you  at  all  cideulatetl  the  eneiyy  apiM-arin^  ax  li^ht  in 
the  cjis*' of  the  ei»inl»u>tion  of  pv'.'  1  hopM'-imwer  of  ener^'  in  tin- 
•  •oinhustioii  (if  pt>«  ppMlut'e*'  aUiiit  \'l  ••aiHll«'-|N.wer. 

171M.  And  oiir  hors«'-|)ower  eonvertwl  into  elertrie  li^ht  pnxino'?* 
■JtlKI  e:ui<lles?— Yi-s. 

17"»<>.  As  tins**'  an-  rather  >«tartlin>r  fijftin-s,  p»'rha|>p«  you  will  explain 
to  the  ei>nunittet>  how  you  arrivi-  at  sueh  rtvnlth? — Sir  William's  ivplv 
is  t«»o  h'lij^hy  for  full  ({notation,  a-  the  ^ronter  port  of  it  i"  unini|»«'rt- 
ant  ;  In-  (^meludes  liy  siyin^  :  '*  The  u|i^hot  (»f  all  i*^  that,  allowiiiir  tli« 
pni<*tie:il  estimate  ni'  1  lior>*i»-pi»wrr  aettudly  sp«nt  in  drivini:  theenirin. 
t(»  pniduei*  ritM)  e:indles.  which  lia«*  l»wn  milijtnj.  I  estimate  that  «m«*- 
half  (tf  that  |»ow»'r  it'***'  to  tin*  elwtrie  an*,  aixi  f»iK*-half  is  |tr.|  in  h.-jit- 
inu:  din'tn-nt  |vm-  of  the  inaehine.  'Am  Ihrn  tjivrn  iM'*"  .vm'//'>  ^.^  1 
hitrMt'-i^otrrr,  whieh  i*  the  H^jun-  of  my  answer.      In   n-sprte  t«»  ga*   I 
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have  taken  4  candles  per  cubic  foot  of  gas  per  hour.  I  have  taken 
the  heating  power  of  gas  at  1 2,000  centigrade  units  per  gramme ;  I 
have  taken  the  specific  gravity  of  the  gas  as  half  that  of  air,  and  cal- 
culated accordingly.  I  have  ihiu  calculated  the  whole  heat  of  the  eom- 
■bnstion  of  gas,  from  the  amount  of  that  per  second  of  time,  and  reduced 
it  to  horse-power.  Thus  I  arrive  at  the  figure  which  I  gave  in  my 
answer,  i.  e.,  1  horse-power  actually  spent  in  warming  the  air  and  stir- 
ring the  luminiferous  ether  in  a  gas  flame  of  12  candle-power." 

The  committee  in  their  report  remark  that  there  is  some  difference 
of  opinion  between  the  scientific  and  practical  witnesses,  and  it  is  not  to 
be  wondered  at  if  the  foregoing  is  to  be  taken  as  a  type  of  scientific 
evidence.  In  fact,  the  statements  are  all  true,  but  they  are  so  arranged 
as  to  constitute  a  complete  chain  of  special  pleading,  and  to  convey  an 
absolutely  false  impression  of  what  the  facts  themselves  really  mean. 
The  statements  are  true  as  to  the  energy  actually  in  the  lights.  The 
impression  they  produce  is  false  as  to  the  energy  necessary  to  produce 
.the  lights.  • 

There  are"two  ways  of  considering  energy,  as  w'ith  most  other  things. 
There  is  the  potential  or  theoretical  energy  of  a  combustible ;  that  is 
to  say,  the  total  heat  capable  of  being  produced  by  its  union  with  oxy- 
gen. This  potential  energy  of  coal,  for  instance,  is  about  13,000  cen- 
tigrade heat  units  per  pound.  In  commercial  language,  we  may  call 
this  tlie  gross  energy  of  the  coal.  There  is,  again,  the  practical  energy 
of  the  combustible,  a  function  of  the  boilers  and  engines.  For  instance, 
average  steam  engines  give  a  horse-power  for  seven  pound  of  coal  per 
hour ;  this,  in  commercial  language,  may  be  called  the  net  energy  of 
tlie  coal. 

Now,  what  Sir  "William  Thomson  has  done  is  just  this :  he  has 
charged  the  gas  light  with  the  gross  energy,  and  the  electric  light  with 
the  net  energy,  as  indicated  by  the  italics  in  his  evidence,  and  people 
who  do  not  understand  this,  like  the  writers  in  the  daily  press,  of 
<30urse  imagine  that  these  figures  so  seriously  stated  are  really  true. 

Now  let  us  see  what  would  come  of  an  equitable  comparison,  using, 
as  far  as  possible,  Sir  William  Thomson's  own  figures. 

1  horse-power  is  33,000  ft.-lb.  per  minute,  or  1,980,000  per  hour. 
Expressed  in  heat  units  of  1  lb.  water  1°  Cent.,  which  equals  1390  ft.- 
lb.,  1  horse-power  per  hour  equals  1424*5.  This,  then,  is  the  potential 
energy  of  the  4  cubic  feet  of  gas,  giving  12  candles  light. 

To  put  the  1  horse-power  of  energy  into  the  electric  arc  another  1 
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lior>*e-|n)\v«r  i.-  <•('  nec^'^ity  cxiM-iKic*!  in  ilie  cimiit  an<l  imiM  betlmrp-*!, 
liccaiiHtf  tlic  )!;as  <*«iii)|Kin.<<l  with  it  is  tlH>  wlu»ie  aiaouiit  uc<3t?*«r\'.  Hut 
to  iinMlncc  1  lii»rs4'-|M»w<'r  in  a  '«t<iim  cii^iiH-  illv^^lv«•^  J4  <-<*ii>'(uii|>ti<>n  iif 
<'<Mil  varviiij;  i"n>m  2o  |x»im«l-,  in  tin-  hmM  jM-rtM-t  ati<l  «'XjH.'ii.-ivi' on^riiifH 
known,  to  H  and  <-vi-ti  In  |MtMn<i>  in  i-oinnion  m^ino :  l«'t  iir>  tjiki-  4 
|>otnMl~  iis  a  \<'rv  fair  fn^jim-'-  work  an<l  w«*  havf  H  |M)un«L«  ••"kiI 
•  •.\jM'n(lc<l  in  j^'iH'ralin;^  tlu'  2t<n>  niiullo  nu-ntionixl.  Now,  thf  |H»tcn- 
tlal  ('ncr^y  of  1  [xjund  of  avemp-  (-on)  is  l.'i,<J<M)  li»it  iiniti*,  or,  in  ft 
|Hitin<|K,  1(»4,<MM). 

In*t«ul  of  having;  the  rnt-p^'  jmt  mn<ll«- : 

(Jit-.     .  1424'>-^        \'1=  llH-7 

Kh-itricity,  .  14lM-/> -i- 24(J()  =      n-.W? 

Tins  iM-in^  what  Sir  William  I  Ii<»iiimiii  niako  it  apiHiir  to  Ix*.  wi*  have, 
l»y  «-<|nital>h'  «'oin|«iri««un  : 

(ias,     .  1424-5^       12=  il«-7 

KlMtririty.  .  l(M.(H>r>      -^24<«>=    \:\:\ 

Kvrn  then  we  have  oniitt«il  a  very  iin|Nirtant  clcincnt  of  (*<insi(i«-nition  : 
thr  pis  li^ht  nt-itls  n«>  nmrhincry,  no  (iipitnl  oiithiy,  no  nkillcii  attt-nii- 
anw ;  the  eh^'tric  li^jlit  wants  all  thtf«<',  and  if  the^•  <lo  not  fonn  an 
rlenuMit  of  the  s<ientifi«-  «-:ilenlati«)n  as  to  |M)t4>ntial  eiuTjr>'  involvwl  in 
the  two  (US**?*,  they  ent<*r  vers*  largely  its  faetors  in  the  pnu-ticnl  i^leu- 
lation  as  to  tile  |M)tential  niNt.  Hemv  the  (lirt'erenit^*  in  the  pnu-tii'ai 
aind  sjM-alh'd  seicntitic  opinions  not*-*!  in  the  eimunitti'eV  re|n»rt. 

The  comparisons  made  are,  however.  intrin>ie:illy  erroneon**,  Ik'j-jiil'H* 
nuule  Ijotwirn  ele<tricity  in  it.s  liest  <^Muliti<H»^  on  the  larjj*'  scale,  and  jra* 
in  itH  woi-st  on  the  small  s<-:de.  and  it  is  well  known  that  in  all  thiiiir*  the 
small  scale  is  nn»st  n»>tly,  whether  we  «'«»nsider  the  ex|i»nditun'  of 
money  or  of  eneiyy.  But,  in  addition  to  this  jifiM»n\l  prineiple  the 
eoin|t:iri.son  is  not  really  niiule  with  au  eleetrie  arc  Imvin^  1  hors«'-jn»w«'r 
of  ener^ty  ex|N>nd<><l  in  it.  The  «->tinuit«-  is  nimie  fnnu  a  li^jht  having 
•i  or  4  hors«'-|H»wer  in  it;  in  thi-  way  th«'  value  i*  arriviil  at  "of  1 
hi»rs4'-|H>wer  jM'tually  employ*"*!  in  driving  the  enpne  to  pmiluee  12<H> 
(•andh's,"  ami  as  only  half  thi>^  eneriry  is  in  tlu*  arc.  the  li^ht  »««jual  to 
1  horse-|>ower  is  taken  as  21<N>;  Imt  it  is  well  known  that  to  ppHliH'e 
a  li^ht  of  12<Xi  «indhf*  in  a  single  arc  nipiin";*  2  hor***  power  of  en jri no, 
and  in  those  oinditions  the  1  hors»'-|>ower  ener^"  wmiM  U*  iK'tuallv 
in  the  an-,  and  the  etKcicu'  \   w-.uld  U. ; 

Kle<-trieity,     .  HM,()(K) -j-  Tim*  =  8«-l). 
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as  against  gas  ]18'7  per  candle,  and  this  when  setting  the  production 
of  a  12-caudle  light  against  one  of  1200. 

It  may  be  well  to  explain  why  the  actual  energy  expended  in  the 
luminous  area  is  so  much  smaller  with  electricity  than  with  any  com- 
bustible such  as  gas.  In  the  case  of  combustion  the  energy  has  to  be 
employed  in  heating  the  products  of  the  combustion,  steam  and  car- 
bonic acid  and  a  large  bulk  of  neutral  nitrogen  from  the  air ;  these  all 
flow  rapidly  away  and  carry  off  the  heat.  The  very  same  loss  has  to 
be  met  in  the  electricity  when  derived  from  combustion,  but  the  loss 
occurs,  not  in  the  light,  but  in  the  furnace  and  in  the  wires ;  here  pure 
energy  is  collected -and  transmitted  to  the  arc,  where  it  makes  its  ai)pear- 
ance  as  light  unencumbered  by  the  products  of  the  processes  of  the 
transformation  of  latent  energy  into  light  and  heat.  Still,  as  the  loss 
has  to  be  incurred  in  both  cases,  both  the  lights  when  compared  must 
have  the  total  energy  needed  for  their  development  taken  into  account. 

The  same  witness  expressed  opinions  as  to  the  transmission  of  })ower 
from  central  engines  to  different  parts  of  towns  by  means  of  electricity, 
but  as  Mr.  Siemens  gave  the  figures  upon  which  these  opinions  are 
founded,  we  may  now  pass  on  to  examine  these.  Mr.  Siemens,  com- 
paring the  cost  of  gas  and  electricity,  says :  "  (136.)  Making  the  unit 
of  comparison  1000  standard  candles  per  li<jur,  the  results  are  striking. 
An  Argand  burner  produced  1000  standard  candles  of  light  per  hour, 
with  a  consumption  of  312-5  cubic  feet  of  gas;  and  to  make  this,  56 
pounds  of  coal  would  have  to  be  used  in  the  retorts.  (139.)  In  the 
case  of  a  medium  dynamo-machine  driven  by  a  gas  engine,  19*5  cubic 
feet  of  gas  produce  1000  standard  candles  during  one  hour;  and  the 
consumption  of  coal  necessary  to  produce  this  gas  is  3'26  pounds.  (141.) 
And  in  the  case  of  the  naked  light  the  consumption  of  coal  is  very 
nearly  the  same? — It  is  very  nearly  the  same:  it  is  13'3  pounds  in  the 
gas  engine,  and  12  pounds  in  the  steam  engine,  showing  that  the  gas 
engine  is  really  a  very  economical  engine,  and  has  moreover  the  advan- 
tage over  the  steam  engine,  that  no  boiler  is  employed,  and  that  the 
consumption  of  gas  commences  and  ceases  the  moment  the  motion  of 
the  engine  commences  and  cea-ses.  " 

It  will  be  seen  presently  that  this  advantage  of  the  gas  engine  is  very 
much  understated,  because  the  coal  corresponding  to  the  gas  is  largely 
overestimated. 

The  comparison  between  the  relative  weights  of  coal  consumed  is 
really  of  little  importance,  because  the  real  thing  to  be  considered  is 
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(lit-  relative  n»sts.  llie  e<(st  nf  pt"^  is,  of"  mhiix.',  ^rt-alcT  tlmii  tliat  of 
the  iiHTc  coal  it  i"c|(r«'.-<'iits,  Ih'<-.iiis<'  its  prift-  iiiclii«l«~-  lalntr,  eajHtal  ami 
ilistrilxitioii  ;  on  the  other  liaiid,  llic  (t^al  coiistiiiieil  in  the  otliiT  cti^se 
nuirit  Ik'  charp'*!  with  wajjc-?*,  utc,  ii('<'es.sarv  for  itM'oiiMmi|»tioii  to  place 
it  on  tlu-  same  footing  a.s  the  pts  with  whieh  it  i-  eoMi|*are<i.  lint  when 
iiny  comparison  is  math'  or  any  line  of  ar;riiment  adoptcil  it  ought  to 
Ix*  cori'ectly  wtirk<*<l  out. 

Now,  instead  of  an  Argjind  Imrner  giving  the  light  of  1<KX>  «-an<ll«> 
on  a  consumption  of  .{IL'O  feet  of  gjts  per  liour,  thi-  valne  is  c:tlcidated 
i'roni  the  work  of  k'yl  Arg:ind  humeri,  each  con.-uming  only  o  \\x'i  |>er 
Jiour  of  l()-<-an«lle  gas.  No  burner  «>!"  1(KM)  i-antlle-jHtwer  has  Urn 
made.  Hut  burners  giving  2.'>(>  c;indle>  on  a  con.-tnnption  of  «j()  ft-et 
are  made,  so  that  we  know  that  KKMJ  cxmdles  «-:in  Ik.'  ohtaineti  fnun  IM) 
feet  instwul  of  ^U'i'o.  lint  Mr.  .Siemen.s  commits  a  more  s<Tioa-  injus- 
tice when  he  charges  agiiinst  the  gits  the  whole  of  the  eo;il  pnt  into  the 
ret«trt.  allowing  nothing  for  the  c«»ke  and  tar,  which  form  part  of  the 
actual  coal  with  which  he  is  comparing  the  ^,\>.  In  thi»  way  he  ol)tain> 
a  consumption  of  l.j  pountl>  of  coal  per  hour  with  pt>«  a-  ag:iin-t  8 
pound>  consmninl  in  a  steam  engint'  to  develop  the  2  horso-|K»wer 
ntH-essiry  to  <levelop  l(MM)  c:indle>  in  one  electric  nYv. 

A  ton  of  average  onil  givt^w  fMjCX.)  feet  of  gju**  of  U'4o(>  sp.  gr.  which 
♦Hpials  '.V.j\  )M)nnds  of  piiri(ie<I  gjus  }>er  ton  ;  alH>ut  l.'iCHt  (MunuU  of  t-oke 
are  priKhuttl,  and  if  we  re«kon  the  excessive  consumption  ot' onc-thin.1 
of  thi>  in  the  furnaces  and  «harge  the  whole  of  thi>  ag:iinst  the  g;is 
protluceil  \\v  shall  fin<l  that  we  get  about  12  feet  of  gas  for  each  )>4»und 
of  c<»al  which  hit-  di.sip|Kared — that  is  to  say,  UK)  cubic  ftvt  of  ga- 
repri'seutitl,  at  most,  S  poinuls  of  cikiIs.  This  re<lnct'?*  Mr.  Siemens'  ">♦> 
jKiunds  |H'r  KKMl  amdles  to  'JO  jntunds  on  the  consumption  of  '>  ftvt 
Argantls,  and  to  H»  pound>  on  the  actual  consumption  in  4  of  the  'J'yi 
candle  burnci-s. 

This  shows  the  gnat  tH-ontimy  of  tlie  git**  engine  ;t*»  companti  with  tin 
stiiim  engine,  (ijt-  engines  are  alrt^uiy  in  u.se  which  develop  1  hors*'- 
power  jK-r  '1\  fn't  of  git-,  which  nprcsents  at  lutist  Tt)  |>ound.-  of  c«uil, 
and  thi-  etlici^-ncy  is  n-ali/cnl  in  small  engines.  Hut  the  vcr\'  ln^-t  st»-.im 
engini-  of  large  dimensions  have  nev«'r  reidi/e«l  more  than  1  hors<'- 
power  lor  *J*.")  pound-  of  iSKil,  an«l  this  ot«ly  with  great  attention. 
( )nlinary  engine's  consunu-  S  antl  1<>  |»ountls  |>er  hour  jht  hi»rst^|iiiw»'r. 
and  a  mnsunjption  of  i  |K>unds  would  be  von'  gvuni  work  for  any 
engine  eniployitl  under  gi'ueral  conditions  analogous  to  thi>s<'  for  which 
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tjas  engines  would  be  used.  The  reason  of  this  economy  is  that  the 
potential  energy  of  the  fuel  is  converted  directly  into  mechanical  energy 
in  the  cylinder  by  the  act  of  combustion ;  only  so  much  is  necessarily 
carried  off  as  goes  with  the  heated  products  containing  only  the  small 
quantity  of  vapor  due  to  the  hydrogen  in  the  gas.  With  steam  all 
this  loss  occurs  in  the  furnace  of  the  boiler,  and  in  addition  there  is 
the  immense  quantity  carried  off  in  the  escaping  uncondensed  steam. 

We  now  come  naturally  to  the  question  of  transmitting  power.  Mr- 
Siemens  .says:  (200)  "I  believe  it  would  be  the  cheapest  mode  of  trans- 
mitting power  to  a  considerable  distance.  The  experiments  which  we 
have  made  give  a  result  of  a  loss  of  50  per  cent.,  that  is  to  say,  5  horse- 
power applied  to  a  dynamo-machine  produces,  roughly  speaking,  2h 
horse-power  at  a  distant  point ;  it  Mould  follow  that,  .say,  100  horse- 
power engine  at  a  central  station,  whicli  could  be  worked  with  a  con- 
sumption of  2"5  pounds  per  hor.se-power,  would  produce  at  a  number 
of  points,  power  at  the  rale  of  5  pounds  per  horse-power." 

Mr.  Siemens  thinks  more  favorable  results  may  be  hoped  for  than 
50  per  cent,  return ;  but  it  is  a  pretty  general  law  in  electricity  tliat 
the  resistances  must  be  equal  in  generator  and  utilizer,  and  there  are 
reasons  for  this,  which  the  resistance  expres.s(!S,  though  it  is  itself  an 
agent  and  not  the  cause ;  hence  50  per  cent,  is  the  full  theoretical  effi- 
ciency, allowing  nothing  for  loss  in  the  conductor  and  by  leakage  ;  in 
actual  working  the  total  efficiency  would  be  more  likely  30  to  40  per 
cent. 

But  giving  electricity  its  utmost  claim,  and  the  use  of  the  best 
engines  known,  we  have  a  consumption  of  coal  of  5  pounds  per  horse- 
power delivered,  as  against  1*6  pounds  per  horse-power  delivered  by 
gas.  But  we  have  to  consider  something  besides  the  theoretical  con- 
sumption of  coal.  The  21  feet  of  gas  at  4s.  per  1000  costs  Id.,  while 
Id.  would  buy  9*3  pounds  of  coal  at  20s.  per  ton.  But  the  Id.  in  the 
case  of  gas  covers  the  whole  cost  of  the  delivery  of  the  energy  of  the 
coal  to  the  machine  which  u.ses  it.  In  the  case  of  coal  it  represents,  on 
the  other  hand,  energy  which  has  to  be  delivered ;  to  place  the  elec- 
tric energy  of  that  coal  on  a  par  with  the  gas  we  have  to  provide  and 
pay  for : 

1.  The  ca])ital  outlay,  wear  and  tear  of  the  steam  engine,  and  its 
attendance. 

2.  The  dynamo  machine  which  generates  the  electric  current,  and  all 
its  subsidiary  expenses. 
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.">.  A  roinluctiiig  sysU'iii,  tin-  «-<tn«litiMn>^  riinl  <liffi« mi !!!••<  "t"  wliirh  an* 
\\x  yet  ulisoluU'Iy  imtesttHl. 

4.  TIh'  griH'l-al  ••X|KMii4<*>  <il'  maiiaj/i-iiHiit  and  ilit-  prxtit-  ..i  the 
iiM(lcrtakiiig. 

ThcHC  Hiriiply  repn-M-iit  tlie  j^x  works  :in<l  mains,  ami  tin-  ••x|K*iih<'» 
ami  |>r«»nts  of  the  j^.ts  rumpjiny,  all  of  whicli  ar«-  in<-lml»-<l  in  tin-  jHiinv 
•  •hargeil  for  the  horse-j>o\vcr  »>f  pts.  The  consiimer  wonhl  hav*-  in 
either  ciwe  to  provide  a  g:as  engine  or  (lynatno-<lw1ri«-  apparatus,  the 
"•ostx  of  which  wouM  Ik-  alxmt  the  same. 

It  \n  quite  certain  that  the  exjKMjHes  of  all  this  w<inM  niis«*  tin*  <  <r.t 
of  tiie  o  jHmmls  of  coal  coiisiumMl  at  thect'ntral  station  u*  «-«>n>i«l«ral)ly 
more  than  tin  penny  ;  in  fact,  they  wonM  Ik- so  gn-Jit  tluit  it  i>  not  «-iir- 
prising  that  no  one  h:u<  y«'t  vcnturol  to  (li>j»ntc  the  rt-mark*  ma«lc--»me 
time  ago  <»n  Mr.  Siemens'  prop<>sil  to  tninsmit  the  energy  of"  waterfalln 
'.{n  miles  distant,  or  of  thcc<>al  at  the  pit's  month.  The  jntwer  c«»^ting 
nothing  at  the  'M)  miles  di'^tancc,  it  would  U-  Kettcr  c<H»nomv  to  allow 
to  run  to  waste,  its  delivery  would  cost  more  than  the  cxjHnx-s  of  c:ir- 
riage  of  coal,  which  has  to  l)e  paid  for,  an<l  its  convemion  into  gjix  in 
the  different  towns  jus  re*piin.><l. 

As  the  writer  iiimsclf  is  working  at  the  proMent  of  eU-«-tri<-  lighting, 
and  is  the  patentee  of  machines  which  will  In-  hrought  into  o|Krali<>ii 
in  a  little  while,  it  will  Ih'  undcrstiMid  that  then-  cjin  l)e  no  intention  to 
depni'iatc  the  inip(»rtanc«'  of  thcM-  appli<-ations  of  ♦•le<-tri<'itv.  \\\\\  the 
-latenu-nts  examin»Hl  will  no  douht  U-  utili/ttl  ere  long  hv  the  various 
proHiKM'tus  writers,  who  are  waiting  their  opportunity  ;  and  it  is  of  great 
im|M»rtance  that  their  a<-tual  meaning  -should  U-  und«rstiKxl  and  the  re:d 
frntli  l)c  pix'scntiil  t«t  the  public  uuderstundiitg. —  Eiujlish  Mtrfumir. 


New  Application  of  Paper. — In  the  Portsmouth  dry-<l«»«k  a 
vessel  wjus  haule<l  up  for  n^pairs,  and  it  was  oIwhtn'wI  that  a  |H»rtion  of 
I  he  hull,  to  which  a  pi<><v  of  pji|H'r  .ndhertil,  wa*^  frt'*'  from  gnvs*^  .iiid 
nju.ss4ls.  Kx|H'riments  wen*  instituteii  whi<-h  \vi\  tt»  an  applic:ttioti 
for  a  |mtent  f(»r  pji|HT  slHUthing.  As  it  e:in  tu^ily  he  impn-gnati<d  with 
poi>on,  it  will  prol>al>ly  act  its  a  prote<*tion  ag:iin-t  U>rers  as  well  its 
against  onlinarv  fouling, —  FmiM'hr.  ttrr  Z*-ii.  ('. 

Whole  >\>.  Vol..  C'VIU.—'Thiku  SicBik*.  Vol.  liiviii.l  U 
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THE  IRON  AND  STEEL  PRODUCTION  OF  AMERICA. 


One  of  the  most  important  industries  of  the  country,  and  one  which 
"promises  to  attain  under  the  brighter  skies  of  tlie  present  year  even 
greater  proportions  than  it  now  has,  is  the  iron  trade.  While  in  Eng- 
land the  iron  trade  was  greatly  prostrated  last  year,  and  continues  to 
he  in  a  state  of  extraordinary  depression,  bringing  hardship  and  suf- 
fering to  many  thousands  of  operatives,  its  condition  in  the  United 
States  in  1878  showed  an  encouraging  improvement  over  1877,  and 
the  prosj>ects  of  1879  are  hopeful. 

jSIr.  James  N.  Swank,  the  secretary  of  the  American  Iron  and  Steel 
Association,  reports  that  our  foundei's  have  no  present  fear  of  foreign 
competition.  The  iron  manufacturers  of  England,  indeed,  have  reluc- 
tantly given  up  the  United  States  market  as  hopelessly  lost,  and  this 
loss  has  greatly  heljjed  to  depress  the  industry  in  that  country  and  to 
increa.se  the  gloom  which  rests  over  its  future.  Whereas  our  imports 
of  railroad  iron  amounted  to  nearly  20,000,000  dollars  in  1872,  in 
1878  they  fell  off  to  the  insignificant  sum  of  530  dollars. 

The  statistics  of  the  iron  trade  of  the  United  States  show  that  our 
production  of  pig  iron  in  1878  was  2,577,361  tons,  against  2,314,585 
tons  in  1877,  though  there  were  16  fewer  furnaces  in  blast  at  the  close 
of  last  year  than  at  the  close  of  1877.  This,  of  course,  shows  that 
those  actually  at  work  produced  more  on  an  average  than  in  the  latter 
3'ear ;  but  the  prices  of  pig  iron  are  so  low  th^tt  many  furnaces  were 
run  without  a  profit.  While  in  both  steel  and  iron  rails  there  was  an 
improvement,  in  pig  and  bar  iron  there  was  a  decline  from  the  excep- 
tionally loM-  prices  of  1877,  in  one  case  a  decline  of  1  dollar  50  cents 
■a.  ton,  and  in  the  other  of  2  dollars  24  cents  a  ton.  The  founders 
hope,  however,  that  prices  have  at  last  reached  the  lowest  point  to 
which  they  can  fall,  and  anticipate  a  continuance  of  the  increased 
demand  which  characterized  the  old  year. 

The  manufacture  of  Bessemer  steel  made  healthy  progress  during 
1878,  and  the  prospects  for  1879  are  very  bright.  The  rapid  devel- 
^^pment  of  this  industry  in  the  Unired  States  has  put  us  in  such  a 
position  that  we  are  now  independent  of  the  rest  of  the  world  in  the 
tsteel  matter,  and  foreign  competition  has  no  terrors  for  our  makers. 
Like  the  rest  of  the  iron  men  they  are  satisfied  with  the  present  tariff, 
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uihI   jtKk    n..  ^nxt.r  .k|,)s   than   thov  now  liav,-,     Smi»- of  th.ni  ev.-n 
think  they  w<kiM    „ot   H.tKr  w.-n-   th.   .|,.ti.>   lown.!.  and  th.v  Hhrin- 
the  cyMivirtion  .40  K'-'"Tally  .iitrrtainMl    i„    K..L'la,Ml  that  the- Vnitwl 
8tat4^  will    n.-v.T  a^rr.in  In-  a  val.ial.l..  ruM..„...r  for  th-  Hrifi.l,  nmnu- 
Jartun-rs  <,f  li.^.„H.r  s(...|.     T|,..  ^^rU.Unu  of  o„r  .ti.-l  f„ma..^  ha, 
latHv  w(,n  favoml.h.   ,n.„tioM    i,,    (Wnmnv.  xvhm-   the  ^t.^l  nmnufa.- 
tiirors  an-  .la.norin^r  for  a  prof^tiv,.  ,|„rv.  whiHi.  it  «^Mn«  likHv    thw 
will  not  fail  to  i^vt,  for  th.-y  havi-  iVinr*  Hisniank  on  tlnir  .i.h'.'    IV 
Wmhlinjr,   a   woll-known    (Jornmn    stati.ti.ian.    ha.    a^trtnine.!    that 
J'n.Hs.n  ..  ..>  far  Inhincl   the    I'nit..!   Stat.^.  in  stool  making,  that  whih- 
tiM-  latter,  with  tw.Mity-two  .-onvortors.  pn-liiM^-l  in  Is;-,  „ver  nTor,!: 
t«nH  of  Ht«.|,  tho  fonn.T.  with  thirty-Hv  M.nv.rn-p.  in  o,..mtion   onlv 
pnvlnnNl    2«4..-.<»l    tonn.  . showing:  a    pn.ln.-tion    n.-jirlv  ,|o„|,h.   jn  .h.V 
hivor;  an.l  lu' a^ tIImmI    our   ^rn^itor   tnrn-<.nt    mtin-lv  to   tho  wniM-rior 
mH.ha.unil  appliar,.-,.  |hk^^^h|  l,y  onr  works.      In  lH77  wo  mnnnfu- 
tnn.l  of  «ti.'l  in^rots  MUtMl  net  ton.,  an.l  of  Bt^^-nior  nnl-  \:\'2  1.J9 
tons.      In  1H7H  tho  ppHhi.t  was    7;{L'.(MH.  not  tnm  of  in^,t>  ami  ♦{U.  - 
<HH)  tons  of  nuls.     This    is  a  vor>-  hnn.lson.o  p.in.  ami   it   jnstifi..  tho 
<-hoorhilm«H  whi<h    pi>.vails   amon^^  tho  nmnufaotnnr.  .,f  :n,.|       p„t. 
tn.^^   fho   ,ro„   an.l   sf.vl  mil  pn.ln.^ion  of  tho  vo,ir  t.-^-thor,  tho  total 
a.nonntH   to    iUo.iKK.    tons,  a  total    only  o„.,.   .x..,).,}   i,.  o„r  hi.tor>. 
nn,l   that   m    1872.  whon   tho   pnnlnot  n.uh,,|  a  million.      Kvon  that 
"nmons,.    manunu-tur,.  will    prol.al.ly  Ik-   ,,,nalo«|,  if   „ot   ox.^h.l    in 
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m,l.wtn-,  was  one  of  p^«t   di.s,»Htor  to  that  of  (;onnanv.  an,l  tho  pn.. 
on,    movomont  for   pn.t.vtion    in   that  on.pitv  larp-lv  spnnp.  fn>m  its 
nnsfortum^.  wh,<h   havo   Uvn  ao^-nmnlatinp  sin<v  iHTr,      .Si.nv  ls76 
thmp<  have  ».een  poinp  from  M  to  won...  an,!  now.  in  tho  MonU  of  a 
wntor  „,   tho   Ix.mlon  7'.W..  tho  iron   tmHo  in  (Jormanv  i.^  in  a  .tato 
'  wors,.,  umpu^tional.ly.  than  that  of  anv  othor  ,..„ntr>-."'  Tho  fan.ou. 
krupp  works  at  Kss,.,  tho  larp.t   in   tho  worhl.  ompiovin^  two  v„,r. 
au-  IO..XK)  workn.on  in  faotory  ami  fMMH)  nior..  in  the  mim^  an,|  M.a^f 
.rrmu.^.  havo  sntlonsi  h.«vilv.  whilo  U-t...,,  April.  1873.  an,I  April 
IHM.  tho  nnn.U.r  of  workn.on   on.ploy.,!   hv  twontv-rwo  of  tho  prin- 
.•.[ml  c.>n.,>anios.  o.x.-lnsivo  of  Kn.ppV.  fell  off  fmm'27.7..»  to  ^^r,w^ 
II-     ..mmnn.un.lors   an-   .li.sati.fi.l   with   thi.   .tato  of  things."  and 
w.r        nn,v   H.-uan-     as   thoir   ,.worfnl   ally  thov  an-  work inrt^r  n 
Mn,t.H.t.vo  ,ar,.).  winoh,  tho  pn^jKvt.  an-,  thov  will  as^nt^^liv  ,.  t 
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Meantime  the  British  Iron  Trade  Association  is  doing  its  best^ 
through  Lord  Salisbury,  to  defeat  their  efforts,  but  with  little  hope  of 
success.  How  much  Gretit  Britain  would  lose  by  the  imposition  of 
protective  duties  on  iron  by  Germany  is  shown  by  the  statistics  of  her 
exports  of  iron  to  that  country.  During  1877  Scotland  sent  her  127,- 
355  tons  of  pig  iron,  and  England  200,000  tons,  while  of  English 
steel  rails  Germany  took  21,365  tons. 

The  following  are  extracts  from  the  report  of  the  American  Ironi 
and  Steel  Association : 

"  In  nearly  all  branches  of  the  domestic  iron  and  steel  industry 
enumerated  there  has  been  an  increased  production  in  1878  over  1877;, 
but  this  increased  production  has  been  accompanied  by  a  decrease  in, 
prices.  At  no  time  in  the  history  of  the  country  have  prices  for  iron 
and  steel  been  so  low  as  they  were  in  1878,  excepting  perhaps  in  Colo- 
nial days,  when  the  price  of  pig  iron  was  lower.  The  year  1878  wit- 
nessed an  increased  production  of  pig  iron  in  the  United  States  over 
the  year  1877,  as  1877  had  witnessed  an  increased  production  over 
1876,  which  was  the  year  of  lowest  production  since  the  panic  of 
1873.  The  production  of  jjig  iron  in  1878  was  2,577,361  tons  of 
2000  lbs.,  showing  a  gain  over  1876  of  nearly  half  a  million  tons> 
If  a  similar  rate  of  increase  be  maintained  in  1879,  as  we  have  no 
doubt  it  will  be,  the  production  of  this  year  will  equal  that  of  either 
of  the  exceptionally  productive  years,  1872  and  1873,  while  a  much 
less  rate  of  increase  will  carry  our  production  in  1880  above  3,000,000 
tons. 

"  It  is  demonstrated  that  the  consumption  of  pig  iron  in  the  country 
has  greatly  increased  since  1876 ;  and  this  increased  consumption  i& 
not  wholly  accounted  for  by  the  growth  in  the  past  two  years  of  the 
Bessemer  branch  of  our  steel  industry,  rapidly  as  it  had  been  devel- 
oped. The  production  of  iron  rails  and  all  forms  of  rolled  iron  wa& 
but  little  greater  in  1878  than  in  1876,  and  fair  to  infer  that  the 
increased  consumption  of  pig  iron  was  partly  due  to  increased  activity 
in  our  steel  works,  and  partly  to  improvement  in  the  general  business- 
of  the  country,  as  shown  in  increased  business  done  in  our  foundries- 
and  machine  shops.  Prices  of  pig  iron  declined  steadily  in  1877  and 
1878,  as  they  had  previously  since  1872.  The  average  yearly  price  of 
Xo.  1  anthracite  foundry  pig  iron  at  Philadelphia  in  1872  was  48  dol- 
lars 87  cents.  In  1878,  17  dollars  62  cents.  Of  the  total  production 
in  1878,  of  2,577,361  net  tons  of  pig  iron,  1,092,870  tons  were  made 
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Avith  sintliraciti'  coal  ;    l,I'Jl,U'.'2  toii>  wen-   niailc  with   bitiiiniixin-  ••>»«! 
and  coko;  jiimI  29.'J,.'J99  Uhw  wort*  n\tu\e  with  (•huntwi. 

"  For  two  yeas  past  thort*  has  Im-^-ii  u  stJiuiy  iiun-asf  in  priMiudiun 
•of  pip  irrin  rn)tn  hitiiniinons  cmil  an<l  «"«>k<*,  whih*  ttf  (-harfial  ir«»n  th«- 
pHMliintioii  Uiv*  (hsiind  from  r>7'),(HM>  ton?*  in  1M74,  to  2J>.i,.'i9H  ton- 
last  y«ir.  Ia'sh  than  fifty  yfa!>  ji^o  all  tin*  pij;  in^n  produwd  in  th* 
•<'ountrv  wa«<  made  with  rhan-iial  ;  in  1m7H,  h-s-^  than  12  pfr  ^^^^ut.  Th*- 
iiiH*»  f)f  coke  JIM  a  l)la"<t  furnaci-  tiicl  ha-*  stJiidilv  iiicn-a'^'»l,  and  In-en 
invadinj;  districtn  heretofore  extennivelv  appropriate<l  l>v  anthracite 
<'oal. 

"  Fifte<.'n  States  incrcas^nl  their  priMJuction  of  pi^  iron  in  M7.S, 
Avliih;  Maine,  MiiHsachnnetts,  Mar^danil,  Miehipin  and  Mi*^»uri 
•<l<H>re:Lse<l  pnNlnction.  North  Carolina,  Texas  an<l  Indiana  made  pi^ 
iron  1877,  hnt  none  in  1H7H.  Xon«'  of  the  Territorii-s  nia<le  pijf  iron 
in  1H77  or  1H7H.  Of  the  total  pHnluct  of  2,577,:W1  t<»ns  in  1«7m. 
Mennnylvania  ina«le  1  ,.J42,H.*i.J  tons,  «»r  jnst  o*i  |>er  rent.  No  new  ir«>n- 
inakin;;  territorv  ha**  Imm'ii  develoiM-il  iliirin^  the  past  few  vmrs,  ex<'«.'pt 
the  HiM'kiii;;  N'ailcy,  in  ()liio,  which  |>ro(liici.'d  »Jo, ♦)*.)< >  tons  of  piir  iron 
Jn  1X78,  against  23,895  tons  in  1877. 

"  At  the  date  of  |>n>panition  of  this  rep«»rt  in  .V|»ril.  1^71*,  nine  new 
fnrnaivs  were  in  course  ot'  ere«'tion,  hut  more  furnaco  an-  beinjj  almn- 
<l<»ned  than  are  l)einp  Imilt,  which  shows  the  nuniU'r  of  hiast  fuma<i- 
in  the  conntrv  to  Ix;  dtHTeosin^. 

"The  Set'n'tary  has  a  list  of  ♦)92  furnai-es  in  the  (•i.iiiiti\  at  tjic  i  i<i^- 
•of  1878,  S4nne  of  which  he  adds  will  nev«'r  apiin  make  pivr  iron.  Of 
this  larjfc  numU'r  only  265  were  in  l»l:ist  at  the  ohwe  of  1878.  At 
the  ch>se  of  1877  the  nnmlK'r  in  hiast  was  270.  As  the  pr<Mluction  ot' 
pip  iron  wa>  2<>2.77»)  tons  greater  in  1878  than  in  1877.  it  is  cle:jr 
from  a  i-onipari.son  of  the  nunilxu*  of  ftinwcps  in  bla^t  in  iiioh  of  thit^^- 
years  that  our  furniu"*'  |»racti(v  prtiitly  impn»ve«l  in  1878. 

"  The  improvement  in  hhist  furnact'  pnu-tici-  simv  tlie  pani«-  struck 
the  cinmtr\-  in  187.'i  is  indi^il  most  striking,  as  shown  by  statistics  «it" 
pHKluction  of  the  Mast  furnaces  of  the  cxmntry  in  tliat  year  a«»  «T>n»- 
parc<l  with  that  of  1878.  In  the  former  y«-:ir  tlie  average  product  of 
^•ach  furnac*'  in  hIast  wa«»  tililMJ.  while  that  of  187S  was  J»72<i  ton>. 
showing  a  piin  of  ne^irly  40  |H»r  (vnt.  in  five  vears. 

"  Part  of  this  j^  due  to  lari^r  tunnuT'^,  and  |»!irt  to  i;n':»ter  skill  in 
all  details  of  t'urnaiv  management,  and  a  jKirt  to  incrwistxl  u><'  of  l)otter 
4.»nvs    uud  of   (\»nnellsville    c«»ke.       The    pnHluctit>n  of  Spiejjrleison. 
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which  is  so  necessary  in  the  manufacture  of  Bessemer  steel,  was  car- 
ried on  last  year  in  but  two  States,  viz.,  Pennsylvania  and  New  Jer- 
sey, and  but  10,674  tons  was  produced. 

"  The  production  of  iron  and  steel  rails  in  the  United  States  in  1878 
was  882,685  net  tons.  This  product  has  been  but  twice  exceeded  in 
the  history  of  the  country,  in  1872  and  1873.  In  the  former  year  it 
reached  1,000,000  tons.  The  increased  production  in  1878  over  1877 
was  117,976  tons.  The  product  of  1878  was  composed  of  550,398 
tons  of  Bessemer  steel  rails ;  322,890  tons  of  iron  rails,  and  9397  tons 
of  open-hearth  steel  rails.  The  production  of  Bessemer  steel  rails  was 
118,229  tons  greater  in  1878  than  in  1877,  while  that  of  iron  rails 
was  9650  tons  less.  Open-hearth  steel  rails  appear  in  the  statistics  of 
last  year's  rail  production  for  the  first  time.  In  1879  we  shall  prob- 
ably produce  as  many  rails  as  in  1872,  when  we  made  1,000,000  tons. 
The  production  of  street  rails  in  1878  is  included  in  the  aggregate 
production  for  the  year,  nnd  amountetl  to  9229  tons.  Nineteen  States 
and  the  Territory  of  Wyoming  made  rails  in  1878.  In  1877,  Michi- 
gan dropped  out  of  the  list  of  rail-making  States,  and  in  1878  Colo- 
rado entered  the  list.     Utah  hjis  a  mill  for  re-rolling  iron  rails. 

''  In  spite  of  the  hard  times,  it  will  be  seen  that  the  iron  industry  is 
steadily  making  gains  in  the  Wast. 

"Bar-iron  sold  at  Philadelphia,  during  1878,  and  the  country  at 
large,  at  1^  to  2  cents  per  pound,  while  in  Pittsburg  the  average  for 
the  year  was  If  cents,  or  39.20  per  ton.  The  price  of  nails  at  Pitts- 
burg fell  steadily  during  1878,  and  in  December  touched  the  extraor- 
dinary low  figure  of  $1.85  per  keg.  At  date  of  report  the  nail  trade 
at  Pittsburg  and  other  points  West  was  much  demoralized  on  account 
of  over-production,  the  price  being  about  $1.90. 

"  The  development  of  the  steel  industry  in  the  United  States  is  one 
of  the  marvels  of  our  time.  At  the  outbreak  of  the  war  of  the  rebel- 
lion the  manufacture  was  indeed  in  its  infancy,  but  it  was  advanced 
with  gigantic  strides  until,  in  the  years  of  1875  and  1877,  the  produc- 
tion of  crucible  and  all  other  kinds  of  steel,  except  Bessemer  and  open- 
hearth  steel,  exceeded  52,000  tons  in -each  year.  Last  year  the  pro- 
duction fell  off  a  little,  showing  51,462  net  tons;  but  including  Bes- 
semer and  every  kind  of  steel  produced,  we  have  the  grand  total  of 
819,814  tons,  which,  coupled  with  the  low  prices  at  which  it  has  been 
sold,  should  convince  every  American  of  the  wisdom  of  the  protection 
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jMilicy,  aii<l  <»1'  tli«'   «;xtrt'tn«'  tolly  ot"  l'urtlnT    r<-tu>inir    t<»   i"»\-"»*nii/>'  its 
Ijenefits. 

"Of"  tlu'  clcvt'ii  iicssciinT  stt-t'l  works  in  i\n-  <-t»iiutry  «Hily  oik-,  tin' 
V^uU-an,  of  St.  I^mJH,  w:ts  i<ll<'  htst  Vi-ar.  I)o\\ii  to  the  vUtM;  of  1H7H 
tliis  i^untrv  luul  unMluccHJ  a  toUiI  of  2,14o,5J>5  net  tons  of  Hessemer 
sK-i'l  mils,  Iil(MHii>  and  l)illets  from  on*  arc  nia<lc-  nuiinly  in  tlu-  Cham- 
plain  clisLrict  of  \(!\v  York  ;  hltMjin.s  from  j)i^  and  -<t.i|)  iron  are  nuule 
mainly  in  Peniusylvania.  Of  thi»»  cla^s  of  iron  the  prudiK-tion  L*^  ntit 
as  grwit  now  as  five  years  aj^o. 

"The  de<'line  in  pig-iron  was  59  |>er  cent.;  in  lKir-in»n  49  jut  cent.; 
in  steel  mils  (J5  jk-T  cent.,  and  in  iron  mils  o6  j)er  cent. 

"  For  the  first  time  steel  mils  ap|)ear  among  the  exjKirts  for  1878, 
tlu-  <{uantity  i'Xporte<l  l»ein^  249  net  tons.  There  was  a  tle<line  in  our 
(•x|)ort  of  stoves  from  $141,:i()l  in  1877,  to  :?i>8,H;J7  in  ls7.S.  The 
exjM)rtfi  of  locomotives  increased  from  (>4  in  1877,  to  82  in  1k7h,  uihI 
a  large  increase  in  the  exinirts  of  stationary  engines  and  Iniilers. 

"The  cess;ition  of  war  in  Knro|>e  c;iu.se<l  a  hejivy  de<line  in  <inr 
exjMirt  of  fire-arms  as  companni  with  1877.  The  aggregate  value  ot" 
our  exjKirts  of  iron  and  sti-el,  and  manufsu'tureH  of  the  same  to  all 
countries  in  1878  was  ^l.'{,2<)0,;}«)9.  This,  howiver,  <l»»es  not  iiH'Iu<le 
the  following  items  of  manutacture,  and  which  are  largi'ly  c»»n»|M.«<«tl 
of  iron  an<l  steel,  agricultuml  implements,  scaK*s  ami  Uilanccs,  se\rinj5 
nKU'hincs,  tm-  engines  and  a|)par.itus.  The  export  of  tlH-x-  ani<4e« 
amounte<l  to:S4,7.}2,12G  in  1 878, showing  a  gjiin  of  #.Si;{,9;Jnnver  lS77."' 

Pphluction  of  inm  in  tons  in  the  Unite<l  States  in  the  past  two  ywirv: 

1877.  1878. 

I'ig  iron,              ....  2,:n4,585  2,577,36? 

St<wks  of  pig  iron   unsold,  l>e<'emlx'r  31,  G42,.{51  574,56.> 

liars,  angles,  l>olt>,  ro< Is  and   hoo|v«<,  720,53l  8.'tO.M;{7 

Plates  and  sheets      •                            .  182,242  182.(142 

Nails  in  kegs,      ....  1,828.918  4,3!M;,1;{0 

Iron  rails,     ...  332,')4()  322,8{»0 

Hi-sMnicr  ."^tc-cl  mil>,  432,109  5.5<).3J»8 

Opcn-hcartli  st*^!  mil-,                                               9,397 

Total  pHKluction  of  mils,  7t)4,7(»9  '*<82,G8o 

Bc.ss4'mcr  stit'l  ingot-*,  5(>0,5H7  732,22G 

(  rucilde  cast  stwl,  4(»,43n  I2.1MM) 

OiKMi-hcjirth  stc«-l  ingots,  25,031  !«».I20 

.VII  other  ste<'l,    ....  ll.!»24  S.."».">«; 

Spi«'gelcisen  (inclnd*-*!  in  pig  inm  alnjve),  S,.S4o  I«i.»»7l 

BliHuns  from  ore  and  pig  metal,  I7.31H")  5<),<M.> 
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Additional  Statistics. 

Value  of  iron  and  steel  imports, 
"  "  exports, 

Miles  of  railway  constructed, 

Number  of  immigrants, 

Production  of  Lake  Superior  iron  ore  in 
gross  tons,       .... 

Tonnage  of  iron   ships   built  (in    fiscal 
years),  .... 

Net   imports   on    mercliandi.se  (in   fiscal 
years),  .  .  .  .     438,518,130     422,895,034 

Domestic  exports  of  merchandise  (in  fis- 
cal years),        ....     589,670,224     680,709,258 

Net  imports  of  specie  (in  fiscal  years),  27,746,915       23,134,074 

Domestic    exports   of    specie    (in    fiscal 

years),  ^  ....       43,134,738       27,061,885 

— Neiv  York  Sun. 


1877. 

1878. 

Dollars. 

Dollars. 

9,195,368 

8,943,043 

16,659,675 

13,260,369 

2,177 

2,747 

130,503 

153,207 

1,025,129 

1,125,231 

5,927 

26,960 

Anomalies  of  Terrestrial  Magnetism. — An  interesting  discus- 
sion has  arisen  in  the  French  Academy  between  MM.  C.  Flammarion 
and  Marie-Davy,  in  regard  to  an  unexplained  anomaly  in  the  magnetic 
observations  at  Paris.  In  order  to  correspond  with  the  eleven-year 
variation,  the  amplitude  of  the  daily  oscillation  should  have  descended, 
between  1871  and  1878,  from  12'  to  5'.  Instead  of  this  progressive 
diminution  it  fluctuated  abnormally  between  9'  and  10'.  In  order  to 
get  more  accordant  results  Marie-Davy  proposed  to  take  the  difference 
between  the  positions  of  the  needle  at  3  P.M.  and  at  midnight,  but 
Flammarion  objected,  because  the  greatest  eastern  elongation  is  gener- 
ally about  8  A.M.,  and  the  greatest  western  deviation  is  about  1  P.M. 
The  amplitude  of  an  oscillation  should  cover  the  entire  range,  and 
should  not  be  arbitrarily  limited  to  two-thirds  or  three-quarters  of  the 
range.  Other  forcible  olyections  were  urged,  and  among  the  possible 
sources  of  the  anomaly  attention  is  directed  to  the  situation  of  the 
observatory,  at  the  crossing  of  two  railway  lines,  and  to  the  methods 
and  hours  of  observation.  In  view  of  the  great  importance  that  is  now 
generally  attached  to  magnetic  observations,  it  is  important  to  remove, 
so  far  as  possible,  all  anomalies. — Comptes  Rendus.  C. 
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THE  "l»()LYPHEMrs." 


riif  torjMilo  nun  Po/ypheituui,  nt>v>  bti'm^  amt^tnivted  in  Chatham 
I)<x'kyarcl,  a|)|Kairs  likoly  to  Ix'  the  nuwt  <'Xtraonlinary  ship  that  ha- 
vet  Ik*«'ii  hiiilt.  Sh»'  is  novel  aii<l  jM-^'uIiar  alike  in  form,  -tnu-tiin*,  tit- 
tin^  and  arn»nj;ement  of  armor  |>rot«*<'tion,  while  her  wriijMjns  <»t"alta<k 
are  n\ir\\  its  will  nwcxsitate  hor  l>einj;  f'oti^ht  differently  tn»m  any  other 
war  ship.  Her  desiirn  was  (leserilw*!  I»y  the  late  Mr.  Wanl  Hunt  in 
the  Hous<'  of  (  omm(»n.s  on  the  Tith  of  Manli,  1877,  a<  Ikmu^  "of  a 
kind  as  vet  unknown  in  any  |>art  of  the  worhl.  hut  which  has  Ikmmj 
much  talke<l  aUiJit,  and  has  Im^'U  at  last  foree<l  up  »n  me  by  that  j^dlant 
<»fti('er  who  stand.s  at  the  luiid  of  the  veteran  list  of  the  navy,  viz. : 
Sir  (ieor^  Sartorius,  who  has  shown  that  althoujrh  Ins  ap'  is  ^rejit.hi- 
mind  in  still  youthful,  and  that  he  is  willing  to  reet'ive  new  i<le:Ls  and 
ahle  to  ineuh-Jite  them.'' 

The  leading:  features  of  the  Polifphemim  are  a  strong  ram  Ihiw,  a  |m>\\- 
^rful  torfKHlo  Iwitten',  preat  sj)ee*l  and  handiness,  nuKierate  size,  and  a 
small  extent  of  surfae*'  al>ove  water  exj>os<'<|  to  the  enemy's  fin*,  sueli 
|M)rtion  of  the  vessel  as  is  alxtve  the  water  line  heinj;  convex  in  form,  >o 
as  to  deflect  any  pr«»jectilo  that  may  strike  it.  The  apix-anince  she  will 
pn.'sent,  when  at  sesi,  will  Ix'  that  of  a  cylinder,  floiitin^  on  its  si<le  and 
dt'cply  immeiNctl,  whi<li  is  tajx'red  at  the  ends  to  form  a  Ihav  and  stern. 
The  (op  of  the  evlin<|er  will  1h'  4  fn't  <)  inch«^  above  the  water  line, 
and  will  Im'  flattemnl  over  a  larj^  jxirtion  «)f  it.s  an>a  to  form  a  d«'<"k. 
The  whole  of  this  tlattennl  (ylindri«"al  surfa«v  will  Ix'  plat^l  over  with 
steel  armor,  and  will  cover  in  and  protect  the  ship  and  all  her 
machinery  and  fi^htin^  applianc^-s.  The  ship  projwr,  as  she  will  thn- 
apjx'ar,  will  he  surmonntiMl  hy  a  lijrht  stnuture  carryinir  a  hurri«'an» 
<le<'k  t)f  about  two-thii*ds  her  length,  and  u|x»n  this  de<"k  will  In-  s«mji 
a  signal  mast,  funnel,  pilot  tower,  Ixmt  and  other  fittinirs. 

lender  winter  the  form  of  the  PofyphnnujtiA  as  striinpe  as  it  will  thu« 
ajijx-ar  al>ov«'.  The  eylindricjil  eiirvatun'  of  the  sid^-s  is  «"arrie«l  down 
-evend  fW't  Ix'Iow  the  water  line,  and  armor-platt^l  ti>  that  depth. 
liel«)w  this  |M>int  the  s<M-tion  assumes  a  V  form,  and  ends  in  a  sharp 
an<rle  at  the  ke<'l.  It  will  therefore  Ix*  s<mmi  that  a  conjplete  er«»ss-^>«-- 
tion  of  the  vessel  is  very  .similar  to  that  of  a  j>ej;  top.  The  f1atten<<<l 
itmvex  curvature  of  the  upjxT  jwrt  of  the  i>ep  top  would  represent  the 
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part  of  the  Polyphemus  that  is  above  water,  and  the  lower  portion^ 
which  ends  in  a  point,  would  also  represent  the  part  of  the  ship  that 
is  below  water.  If  the  peg  top  be  imagined  to  float  in  water  at  a  depth 
below  where  its  breadth  is  greatest  and  where  the  section  thas  begins 
to  curve  towards  the  centre  line,  a  rough  idea  may  be  obtained  both  of 
the  form  and  proportions  of  the  above  and  under-water  parts  of  the 
Polyphemus. 

The  Polyphemus  is  240  feet  long  between  perpendiculars,  40  feet  in 
extreme  breadth,  and  will  have  a  load  draught  of  20  feet.  Her  dis- 
placement will  be  2640  tons.  The  convex  armored  deck  will  be  4  feet 
6  inches  above  the  water  line,  and  will  be  completely  plated  over  with 
steel  armor  3  inches  thick.  This  armor  will  be  carried  to  a  depth  of 
six  to  seven  feet  below  the  water  line.  The  Polyphemus  will  not  be 
fitted  with  masts  or  sails,  but  will  carry  a  pole  for  signaling  purposes 
and  for  making  observations  from.  She  will  be  propelled  by  twin 
screws,  and  will  have  two  pairs  of  high-pressure  compound  horizontal 
engines,  which  are  being  constructed  by  Messrs.  Humphreys  &  Ten- 
nant,  of  Deptford.  Each  high-pressure  cylinder  will  be  38  inches  in 
diameter,  and  the  low-pressure  64  inches.  The  stroke  will  be  45 
inches.  The  boilers  will  be  of  the  locomotive  type,  twelve  in  number,. 
and  will  be  made  of  steel.  They  will  work  up  to  a  pressure  of  110 
pounds  per  square  inch.  It  is  estimated  that  the  engines  will  indicate 
a  collective  power  of  5500  horses,  and  that  the  speed  of  the  ship  will 
be  17  knots. 

The  only  offensive  weapons  the  Polyphemus  will  possess  are  a  pow- 
erful ram  bow  and  Whitehead  torpedoes.  She  will  have  no  guns  at 
all,  except  a  few  light  shell  guns  and  Gatlings  on  the  hurricane  deck 
for  the  purpose  of  repelling  boat  or  torpedo  attack.  The  ram  will  con- 
sist of  a  very  strong  spur,  which  will  project  12  feet  in  advance  of  the 
stem  of  the  ship,  and  is  so  placed  that  it  will  strike  several  feet  below 
an  enemy's  armor.  It  will  be  connected  to  the  stem  and  bow  by  deep 
web  plates  and  angles  on  each  side ;  the  former  being  a  continuation 
of  the  3-inch  deck  armor,  which  is  curved  downwards  at  the  bow  and 
carried  under  water  till  it  reaches  the  level  of  the  spur.  The  spur  is 
being  fitted  so  that  it  may  be  unshipped  and  taken  off  the  stem  when 
not  required  for  active  use.  Under  the  ram  is  a  torpedo  port,  which 
will  enable  Whitehead  torpedoes  to  be  ejected  right  ahead  of  the  ship. 
There  are  also  two  torpedo  ports  on  each  side  amidships,  from  which 
they  will  be  ejected  on  the  broadsides.     The  ports  and  apparatus  for 
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workiii)^  tli<*  Utr\Hthnti  will  Im-  ii)Min  l)i«-  .oynU-tii  thunl  in  the  IViruritM 
and  GUtfton.  All  tlit-  t<>r|>iln  |Mtrth  are  Lm'Iow  M-aler,  liiit  it  i»  iiii«l*fr- 
Ht<MN|  that  tliin  iiinl«T-\vjit«'r  attiwk  will  In-  •♦n[>|»l«'rm"iit«"«l  l>y  t<»r|M-<|i» 
tiring  alH»v«'  wat«T  tnun  tin*  aimonil  lUtL  uih>ii  tli«-  -\-t«iii  :ul<>|it<i|  in 
oniiiiarv  tor|M'«lo  luiiiu'lien. 

AImivc  tilt-  arriiMr-|>lat4*<|  |>«irtiMii  ni  tli«-  Imil  u  liurrimii*- <l««i-k  i.«  litUti 
(or  uImiiU  tw(»-tliinb«  of  it^  leii^li.  Tlii^  <i«i*k  in  alMMit  <Hie-half  the 
(•xtri'iuc  hmultli  of  the  nhip.  (.'oiiHiiuiii«iitioii  im  inmh*  iM'twven  tin* 
hurri<;an<*  <U-<'k  aixl  tlu*  interior  of  the  Hhip  l>y  openinipt  cut  thnMi|;h 
the  nrnii>n-<i  <l<N>k.  The  o|»enin^  tliii-  «'ut  an-  |»n»t«"«*f«"«l  hv  ^laei** 
|>late>  an<l  armor,  un«l  hy  «iL>>in^.  wliirhan*  (urrie«l  up  to  the  liurritime 
(h-^k.  The  Ixwit^  an*  earriwi  njuMi  the  hurrimne  (le*k,  aixl  the  ship  i* 
Hteen**!  and  work***!  from  it.  An  arnionil  pilot  f«»\v«-r.  with  pr»»ti<et«"il 
inean}«  of"  ;u'«-«">r.  to  the  |ow«t  jnirt  ot"  the  -hip,  i«*  pliuxTl  at  the  t\tn-  emi 
of  the  hurn(»ne  «le«'k,  anti  Htt  tl  with  HtJi-rinjf  win-el,  teliynipliM,  voice 
pi|M>,  ap|Hiratuo  tor  tiring  ot)'  the  tor|Mtl<M-s,  un«l  all  oth«T  appliniK«f« 
tor  (^tnnin^  and  working  the  hhip.  A  lew  li^ht  ^thell  or  (intlin^  ^un.H 
will  al.*M»  In-  turri*"*!  on  tin-  hurrimne  «|«'«*k.  i%f*  we  have  •<uit<'«l.  f"<»r  n-jwl- 
lin^  iMNtnierH  or  tor|M>ilo  Ihiiit-. 

The  l*iUiifthe)it\m  i«*  huilt  thron^lioiit  <>i  -t<i|.  l"h«'  fr.inio  an-  of 
}^'K>4'nier,  and  the  iKtttoni  plating  of  lAindon'-.Si«*nien^  ^t4<i'l.  She  i.*> 
mnHtrnetitl  u|M>n  the  a*4ual  Hy!«U>ni  i>l'  tnin^V(*r4e  bracket  t'nini<ss  and 
(^>ntinuoim  loMirJtiidinaio.  and  ha»  a  d«Hil>le  lM»ttoni  the  whole  leii^h 
of  the  ohip  ri^lit  up  to  the  up|n'r  de<k. 

The  mibdivutiiMi  of  the  lower  |iiirt  of  the  .nhip  into  nniall  watertight 
fon»|>jirtnie!»t.s  ha-  lui-n  mrrlMi  Uf*  tar  a-  ap|H3U>  pof»iili|e.  The  douhle 
Ixittoin  i>  split  up  int4>a  larp>  nnrnlier  «»t'<vllular  sinwes,  and  tin'  hold  \3^ 
dividtnl  hy  a  lontcitudinal  nii<ldle  line  hulkhciid,  and  nutneroiiH  tntn?^ 
verne  iMilkheadH.  The  lioilers  are  (x>iitaiiM><l  in  four  xeparate  nater- 
ti^^ht  (xtniiNirtnient-  of  the  hold,  thn>«>  lM>in^  pla<x>«l  in  eiu-h.  and  ««eh 
|ioir  of  engines  i-  al>o  oMitainetl  in  a  Hi>|Ninite  watertight  eoni|iartJn<uit. 
The  lulvantaf^'  of  »aieh  au  arran^'iueiit  iji  MitKeiently  ol>vioaH,  in  view 
ot  the  iMH^ihility  of  iKie  ot'  tin*  l»«»ilep«  or  I'liijine  riH>ni.-  U-inj;  l»ili:^'\l 
hy  a  hlow  t"n»ni  a  mnj  or  tor|n"«|o.  The  dmihle  iMittoni  l-  arraitpii  •«• 
^  to  inelu«le  the  ("oid  hunkers,  art  in  the  Jimu^atioH  aixl  Inflfxihk^ 
\\y  th«-^'  tnnin-  huoyaiH*y  if*  iniineil  if  one  of  the  «^itn|Mirttnentf>  i* 
o|M'n««»l  up  t<»  the  ini\^  jt-  the  water  •■an  only  timl  iti*  way  ani«in^  the 
intersti<«eM  of  the  coal,  and  a  larp*  «|uantity  if  thu!»  kept  <mt  of  the^hip. 
The  aihins  an<l  :u<ivinuntMlatioiiH  for  the  en«w  will   all   U-  Iteluw  tlie 
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armored  deck,  and  will  be  ventilated  artificially,  as  in  the  ironclad 
monitors.  They  will  be  lighted  throughout  by  the  electric  light,  which 
is  already  being  fitted  in  several  ironclads,  and  is  likely  to  become 
-extensively  used  for  this  purpose.  An  electric  light  will  also  be  fixed 
in  the  lookout  on  the  polemast,  for  reconnoitering  and  signaling  pur- 
poses. 

The  most  remarkable  and  novel  feature  in  the  ship  yet  remains  to  be 
■described.  The  bottom  plating  on  each  side,  instead  of  ending  in  a 
keel  or  flat  keel  plate  at  the  middle  line,  is  formed  into  a  recess ;  so 
that  in  place  of  a  keel  there  is  a  rectangular  groove,  1  foot  8  inches 
wide  and  3  feet  deep,  taken  out  of  the  bottom  of  the  ship.  This 
groove  or  recess  is  intended  to  be  filled  with  cast  iron  ballast  up  to  a 
Aveight  of  300  tons.  The  ballast  will  be  cast  in  several  lengths,  and 
will  be  so  attached  to  tlie  ship  that,  in  the  event  of  a  compartment 
becoming  bilged  and  its  being  desirable  to  lighten  the  ship,  the  ballast 
can  be  let  go  and  dropped  from  any  part,  as  may  be  required.  The 
draught  and  trim  may  thus  be  regulated  to  a  certain  limited  extent 
should  the  vessel  be  damaged  in  action.  This  is  a  point  that  will 
probably  be  discussed  among  engineers.  The  object  of  carrying  the 
ballast  seems  to  be  to  keep  the  ship  down  in  the  water,  and  prevent  the 
■deck  from  becoming  too  much  exposed  when  the  ship  is  uninjured  ;  but 
should  she  become  still  further  immersed  from  any  cause,  the  dropping 
of  the  ballast  will  somewhat  relieve  and  lighten  her.  The  utmost 
■eifect  of  the  ballast  will  be  to  enable  the  vessel  to  float  12  inches  to  14 
inches  lighter  when  it  is  dropped  than  she  would  do  before.  In  other 
words,  although  her  armored  deck  is  only  4  feet  6  inches  above  the 
water,  and  this  height  only  is  exposed  to  the  enemy's  fire,  the  surplus 
buoyancy,  on  account  of  the  ballast,  will  be  the  same  as  though  the 
armored  deck  stood  5  feet  6  inches  or  5  feet  8  inches  above  the  water 
line. 

It  will  be  obvious  that  this  quantity  of  ballast,  amounting  to  about 
•one-ninth  of  the  whole  Aveight  of  the  ship,  cannot  be  carried  about  for 
nothing.  It  adds  to  the  work  the  engines  have  to  do,  and  a  greater 
•expenditure  of  engine  power  for  a  given  speed  will  be  required  to 
enable  the  ship  to  drag  the  ballast  about  with  her.  The  additional 
engine  power  that  will  be  required  to  drive  the  Polyphemus  at  full 
speed,  after  adding  the  ballast,  will  necessitate  an  increased  coal  con- 
sumption of  9  to  10  per  cent.,  and  a  corresponding  reduction  in  coal 
endurance.     It  will  hardly  be  considered  necessary  to  carry  about  all 
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tluH  <l«aul  \vi'i>;lil  in  tiiii«'  <»t  |M-:iie.  ami  it  will  U-  a  <|iii?<ti«>ii  tor  pnuti- 
nil  <'«»nHi<lt'nitioii  wIuiIm  r  tlu"  «-:irrvinn  ut'  it  aln>iit  in  tiim-  of  war  at  a 
(W)Ht  of"  ntliU'tiori  in  •*|h'«h|,  or  in  ••<<il  «-n«lnnuu"»' — iuhI  tlii-  in  a  -hip 
wlinHi*  (NKil  ".npplv  is  v«TV  .Mnuill  tor  lit-r  jM.wrr  will  In-  <ttni|H-n.-<:itMl 
for  by  tlie  urnion«l  dwk  l)ein)(  4  tW't  ♦>  inrlu-**  out  of  wat«T,  in-tiiul  of" 
5  fwt  a  in«'l>«'>. 

TIh*  I*<>/i//tfifiimM  ir.  nioiv  or  h-^.-*  of  an  <-\|N-rini«-ntal  r|»anu-t«T.  an«l 
tlw  l>uil<lin^  ot'  t'litun-  ^\i\\ti*  \M»<-^-!^iu^  r^mw  or  ull  ot'  her  rhanwtiTi— 
fi*^*,  will  <l«;|M'nil  n|M>n  tlu*  n'sultf*  of  Imt  trial-.  She  in  n«»t  likely  U> 
<niit4'  a  ^fn-nt  nvolntion  in  war  s|ii|il>niMin(r,  or  to  -how  that  jftni**  arp 
nnn<'<-<'SHiirv  in  a  H»"«'t.  hull-***!,  it  niu-t  Im-  evident  that  tht-n*  an-  many 
o|M>rations,  sut-li  a-  tin*  IxmilMtnlnient  of  fortifidition-,  whi<'h  iimltl  only 
Ih'  <-arri»'«l  out  l)V  -hi|»-  arnitil  \sitli  ;rnn-.  The  «ju»i-rion  n-^jMi'tini:  tin- 
I*<>/i/ft/ifinnM  i-  not  wJH'tluT  -nrh  v«-v*«'l-  a-  -he  an*  to  -n|MT-4t|«'  ^un  v«-«- 
hgIh,  Imt  whether  r<he  inav  not  -^tw  the  more  hiunhle,  though  veri'  line- 
fill,  |»nr|M»s4'  of  -tartin^  a  tyjw  ot"  war  -hi|>-  that  will  In-  valnahh-  aux- 
iliarii-s  in  aetion.  Mr.  Wan  I  tliuit.on  fin  .-■.-.•.I..n  I-f"..r..  r.r.ir,..!  t,, 
-|M»ke  of  her  jls  t'ollows  : 

"This  vosrt«'l,nuu<t  of  e«»nrxe,  toa<'«Ttainexteiit,l»en*pinle<i  af«an  ••x|ht- 
iinent,  anil,  rven  sn|)|»«»-injr  it  to  In>  u  sucx-i'sk.  I  rN»nl«|  not  pn>|MiM-  it  to  the 
I  Ion-**' a4M  Iw'in^  likrlv  lo -niM-nM-ilr  all  other  kin«l- of"  fiifhtin^ -hi|>f*,  Imt 
onlv  an  a  u.'M'ful  adjunet  to  a  th-^-t  in  i-il-V'  ot'  war.  l'n>liaMy  it  woiihi  not 
Im'  (loinvMf  that  -In-  -houM  Ih-  kept  at  -411  tor  a  loiii;  jM'ritMJ  at  a  tiin«*, 
but  I  ventnn'  to  think  -h«'  will  pn»v«'  a  ver>-  fornii«lal»l«-  w«'a|»«»n.  an<l, 
if  she  hIioiiUI  he  a  Mucrmpi,  she  tiuiy  |M'rha{»^  Im*  re^anl(>(i  iv*  a  sttrt  of 
rival  to  thofM'  inon.«*ter  shij*-  with  tn'infn«|oii-  armor  that  we  hiiir  "jxikrn 
of  jis  likely  to  U'  hnilt  in  Mune  t"on-i^n  |x»rt.-." 

The  Pitiy/thrmuji  wa**  e»»mmene«'<l  in  St-pteniluT,  1K78,  ainl  is  alrwulv 
far  aMlvan«s'<l,  U-in^  entin'ly  Ininw*!  and  plati^i,  exiv|>t  at  the 
fXtn-me  vuiU.  (iniit  pn»v:n'j<K  i-  U'in^  nmd«'  with  her,  and  she  i"«»nld 
Ih*  jfot  H'jmIv  lor  lamu-hini;  in  a  Vfry  f«*w  month-. —  /ahuIoh  7»»««/«. 


Absorption  of  Hydrogen  by  Nickel. — M  K««Hdt  ha-  -hown 
that  |M»n>us  niekel  aliMiHiH  hydnt^rcn  when  it  ix  «'mpl«»y»>il  a«*  the  nui^- 
n«'ti<*  eliHin«»le  in   the  tlit^tmiMiHition  of  aeidulated  water.      I*ror.  Sor. 

y,iii)i\  ill  f^in/Miiiiit', 
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NEW  SUBMARINE  CABLES. 


After  a  period  of  stagnation  extending  over  five  years,  tliere  is  again 
a  revival  of  submarine  cable  enterprise ;  and  cable  electricians,  who 
have  been  for  that  time  deprived  of  their  legitimate  occupation,  are 
now  experiencing  brighter  prosj)ects.  There  are  no  less  than  four  dis- 
tinct cables  in  course  of  being  manufactured  or  laid ;  and  others  are 
projected.  Last  year  the  Eastern  Telegraph  Company  completed  the 
duplication  of  their  Oriental  lines  from  England  to  Bombay,  and  the 
Eastern  Extension  Telegraph  Company,  which  prolongs  the  Eastern 
Company's  system  to  Australia  via  Madras,  Penang  on  the  Malay  Pen- 
insula, and  the  East  Indian  Islands,  are  at  })resent  engaged  in  duplica- 
ting their  lines  also,  a  work  whicli  has  been  somewhat  delayed,  how- 
ever, by  their  giving  up  1400  miles  of  ready-made  cable  to  form  a 
portion  of  the  cable  to  the  Cape.  The  latter  important  line  of  com- 
munication is,  of  course,  the  chief  cable  operation  now  in  hand,  and  we 
regret  to  see  that  there  was  some  delay  in  the  furtherance  of  the  work, 
for  the  steamship  Kangaroo,  belonging  to  the  Telegraph  Construc- 
tion and  Maintenance  Company,  who  are  the  contractors,  although  she 
arrived  at  Durban  on  May  21,  1879,  with  the  Natal  to  Zanzibar  section 
on  board,  had  not  begun  to  lay  her  cargo  until  June  17th.  For  some 
unaccountable  reason  a  valuable  month  was  lost  by  this  cable  steamer, 
although  the  need  for  the  cable  is,  or  at  least  was,  so  urgent.  It  is  to 
be  hoped  that  the  difficulties  in  the  way,  whether  due  to  bad  weather 
or  faults  in  the  core,  or  to  the  rumored  refusal  of  a  subsidy  by  the  col- 
ony of  Natal,  on  the  ground  that  the  terminus  ought  to  be  within  the 
Natal  borders,  have  by  this  time  been  smoothed  away,  and  that  the  line 
is  now  laid  as  far  as  Zanzibar.  The  second  section  is  on  its  way  out 
in  the  steamship  Seine,  and  the  steamship  Calabria  carried  the  remain- 
der. 

The  agreement  between  the  Eastern  Telegraph  Company  and  the 
government  requires  that  the  entire  cable  shall  be  capable  of  trans- 
mitting fourteen  words  a  minute,  and  that  the  company  shall,  save  in 
cases  of  force  majeure,  have  the  portion  of  the  cable  betAven  Durban 
and  Zanzibar  opened  for  traffic  by  July  31st,  and  the  entire  line  by  the 
last  day  of  1879.  The  company  agrees  to  keep  a  repairing  ship, 
properly  equipped,  in  the   Red  Sea  or  Indian  Ocean  for  maintaining 
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thi'  line.  All  j^Mvrriiiiifnt  iiiesnaj^*,  whether  ini|M.'riaI  or  ritloniul,  ar»- 
to  have  priority  to  all  other  traftie,  at  one-half  the  rate  eharjr*-*!  u*  the 
ijenenil  |»iil)lic.  The  piihlie  nite  is  not  to  exi^f^l  o^.  |mt  worl  l)et\veeii 
Durltjiii  and  A<leu  ;  4s.  jht  woni  Ix'tw*-*!!  Z:ui/il>ar  aiwl  Aden  ;  and 
betwe*'!)  Aden  and  I>on<lon,  hy  the  h^tern  Tele^ra(»h  ( '<»m|»any''*  line>. 
llie  <*nm  of  .'Is.  \U\.  |XT  wonl.  The  total  e|iarj»f  for  a  nH"^ain-  tn»ni 
Dnrlwn  to  lyondon  must  not  therefore  ex*-*-***}  TJs.  I»d.  |Mr  \v<.nl.  Ilt-r 
Maj«f<ty'H  Trea"<nrv  may  nominate  an  ofheial  din-t'tor  on  the  IxKirds  of 
the  eomimni<'M  owning  and  workinj;  the  line,  t/t  whom  every  intoniui- 
tion  nnist  at  all  timj-s  Ix-  aflnnh-*!.  On  the  i-ompletion  of  the  line 
bf»twe<'n  Natal  and  />;in/ihar,  the  tn-su^nry  a^n-^-s  to  juiy,  ihirin^  a  term 
of  twentv  vearn,  an  annual  .Hulinidv  of  17,")<H>/.,  and  a  like  sum  on«-»»m- 
pletion  of  the  line  Ix-tween  Ziinziliar  and  .\d«*n,  |»n>vid<'<l  always  that 
the  line  is  kept  in  itimmI  work inj;  order.  In  ai'**-  of  war,  n'lM'llJoti  or 
other  emetine V,  the  lrii|M>rial  (Jovernment  or  tlu*  p»vernnjent  of  anv 
British  eolonv  or  pos.s«'ssion,  dulv  authoriz*-*!  hv  H«-r  Maj^-stv'-.  ( »«»v- 
••rnment  so  to  do,  mav  take  |>«».-wtissi«»n  of  the  e;il)lo,  station^,  otiift?- 
and  ap|Kinitus  on  the  line,  am!  kivp  pnHse>«ion  of  them  for  a.s  lon^  a-* 
they  may  think  Ht.  For  thin  privih-jfe  the  jjovernment  agrees*  to  make 
a  n^'wtnalile  eom|M'ns:ition  to  the  efunpjiny.  The  last  elans*'  pr«»vith> 
that  the  aj^rei'ment  shall  not  Ik*  hindin^  until  it  has  l»«^'n  approvi-d  by 
a  vote  of  the  Hou><«»  of  Commons.  It  is,  we  think,  a  wise  fon-sipht  on 
the  part  of  the  ptverninent  to  arnmire  for  taking'  jwissM-ssion  of  the  lin«*> 
themselves  if  ne*^!  \k',  and  tin-  day  is  jH'rhajm  not  far  tlistant  wb*n  not 
only  the  C'a|)e  cable  but  alno  the  Imlian  <«bles  of  the  Kasteni  Tele- 
irraph  ('om|Minv  may  Ix-t-ome  the  pro|M'rtv  of  the  nation. 

The  se<"ond  jjn^at  esible  enterprise,  now  in  pro^n-ss,  is  the  Pouyier- 
l^uertier  s<heme  for  two  Atlantic  <-ablt>s  fn>m  Hrest  to  New  York. 
This  pnijt«i  was  ostensibly  put  ff)rth  as  desij;ne<i  to  j^mtify  the  ntnour 
propre  of  the  Krench  |MH)ple,  who  wishe<I  to  haive  Atlantir  eabh-s  of 
their  own.  Hut  the  offer  of  the  .Vnj;l(>-Ameri«"3in  ( 'om|>finy  to  s«>ll  .ir 
lease  them  a  cable  was  deeliixxl  and  the  ori^^inal  plan  adhenii  to.  It 
is  pnilmble  that  the  idtiniate  aim  of  the  new  e<>m|t:inv  is  to  «<«tm|M-ti- 
with  the  exi.stin^  Atlantic  ••jiblis  tor  Kn^lish  a-  w«'ll  as  ( 'ontinental 
traftio,  a  sup]>«isition  which  is  txtnie  out  by  the  fa«i  that  the  SHIIy 
Islands  otVthe  c«»;Lst  of  Cornwall  have  Iknmi  ch«»M'n  as  an  interm«tliat«' 
lamlin^  jioint  for  the  «iib|e.  'j'Ih>  newcabhs  an*  lieinij  made  by  Mj'Sf.rs. 
Siemens  Bn»thers  at  their  Charlt«)n  work.s,  atxi  the  steamship  Funnloy, 
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which  laid  the  direct  United  States  cable,  has  already  submerged  the 
Brest  to  Scilly  section  of  the  first  lino. 

Within  tlie  limits  of  Euroi)e  itself  a  short  cable  made  by  Mr.  Henley 
for  the  Russian  Government  was  recently  laid  across  the  Caspian  Sea,, 
and  there  is  now  in  process  of  manufacture  a  new  German-Norwegian 
cable,  intended  to  connect  Scandinavia  direct  with  Germany.  HithertO' 
the  latter  power  has  been  obliged  to  send  all  her  telegrams  to  Norway 
through  Denmark  and  Sweden,  a  course  which  was  irksome  to  her,, 
owing  to  the  uneasy  political  relations  which  have  for  a  long  time 
existed  between  her  and  Denmark.  The  agreement  entered  inta 
between  the  representatives  of  the  German  Empire  and  the  govern- 
ments of  Norway  and  Sweden  stipulates  that  Germany  shall  lay  the 
new  cable  at  her  own  cost.  It  is  to  be  a  tliree-wired  line,  and  will  be 
laid  from  Romoe,  an  island  off  the  west  coast  of  Schleswig  and  the 
Norwegian  peninsula,  at  a  point  near  Arendal.  At  the  latter  place  it 
will  be  connected  to  the  whole  Scandinavian  telegraph  system.  The 
cable  is  estimated  to  cost  95,000/.  and  will  belong  to  Germany,  w^ho 
will  also  repair  it.  All  telegrams  from  Norway  to  Germany  are  to  pass 
through  the  new  line,  and  also  three-fifths  of  the  Norwegian  traffic 
with  other  countries  (excepting  Russia,  England  and  Denmark),  unless 
tiie  new  route  should  prove  more  expensive  than  the  old  ones.  It  is 
obvious  that  this  arrangement  will  materially  reduce  the  inland  tele- 
graph revenue  of  Denmark,  for  hitherto  all  the  German-Norwegian 
traffic  has  passed  through  that  country.  The  new  cable  is,  we  believe,, 
being  manufactured  by  Messi's.  Siemens  and  Halske,  of  Berlin,  and  it 
is  expected  to  be  laid  some  time  in  August. 

Besides  these  actual  performances,  there  are  at  least  two  projects  for 
new  submarine  cables  afloat ;  one  by  the  American  Cable  Company  to- 
lay  a  line  from  New  York  to  Flores,  an  island  of  the  Azores,  with  one 
connectmg  line  from  Flores  to  France,  England  and  Holland,  and 
another  from  Flores  to  Fayal  (Azores),  San  Miguel  and  Lisbon.  These 
will  comprise  7300  miles  of  line,  if  they  are  ever  executed.  The 
other  scheme  is  for  the  long-talked-of  Pacific  Ocean  cable  from  some 
point  on  the  western  coast  of  the  United  States  to  the  Sandwich 
Islands  and  thence  to  Japan  and  China.  Mr.  Cyrus  W.  Field,  the 
cable  veteran  of  Atlantic  fame,  is  the  chief  promoter  of  this  under- 
taking, and  he  was  in  England  for  the  purpose  of  investigating  the 
subject  of  making  and  laying  the  cable  in  question.  He  holds,  it 
appears,  an  exclusive  concession  from  the  government  of  the  Sandwich 
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Isluiids  lor  siidi  iicaldf;  a  fact  wliidi  \v;l'«  Hr>l  aiiimiMKHHl  at  tli«-  recent 
< 'able  Jubilee  or  celrbratioii  of  the  twenty-fif'tli  aimiversar}'  of  the 
orj^am'zatioii  of  the  first  Atlantic  Cable  Company.  Similar  •••mecssions 
have  yet  to  Iw  obtaininl  from  China  an<l  Ja|)an,  but  as  the  Celestials 
are  now  awake  to  the  a<lvanta<^es  of  the  teh'jjniph,  it  is  exjK?<'te<l  that 
thetse  will  l)e  obtjiine<I  without  difliculty.  A  company  will  Ix-  fonne<l 
to  carry  out  this  work  and  Mr.  Field  hits,  wc  nnih-rstand,  a^ni-d  to 
contribute  ?^1(M),()(M)  as  a  subs<-ri|>tiou  to  the  c:i|»ital  >t<K-k.  The  t-stal>- 
lisliment  of  this  <table  would  complete  the  tclej^raphic  circuit  of  the 
worhl,  and  we  can  only  ho|K'  that  Mr.  Field  will  U-  as  succejsHt'ul  in 
•  arryiug  the  electric  wire  a<'ross  tin-  l*;i<  illf  <  )cciUJ  a.s  he  wa-  in  -.pan- 
ning the  Atlantic. — Enyiiiccriny. 


R?:CTAXGrLAR  BOIUXC  MA(  HINK. 


At  one  of  the  recfiit  meetings  of  the  Franklin  Institute  I>r.  i{«iU'rt 
(Jrimshaw  exhibited  a  samjileof  the  work  dcMie  i)v  J.  Hall's  n-otangn- 
lar  hole  boriui^  machine.  As  this  m<H>hanic;d  paradox  attracte<l  c-on- 
<iderable  attention  at  the  Paris  Kxhibition,  the  readers  of  the  .btiijNAi. 
will  be  intereste<l  in  a  i>rief  explanation  of  it. 

The  drill  has  for  s<'«tion  an  ccpiilatcral  trian^rlc.  The  t<Htl-hoIder  ot 
a  s|MH-ial  shai>e,  having  a  scww  at  the  upin-r  jM)rtion,  tln'U  a  nn'tan- 
gnlar  section;  then  a  roun<l  se<tion  of  a  given  diameter;  then  another 
MK'tion  of  the  same  shape,  l)ut  of  a  greaUr  <liameter.  Then-  i<  a 
hollow  re<'ta>jgular  sleeve,  somewhat  largi-r  and  narrower  tlian  the  re<-t- 
angidar  se<tion.  .V  slight  horizontal  and  verticid  movement  c:in  In* 
thus  obtaine<l.  This  sleeve  varies  in  size  and  in  amount  ot'  |>lav 
:ie«or<ling  to  the  work  to  \\q  done.  When  the  t<Hil  i-^  in  |M>sitioii  it  is 
guided  by  a  steel  plate,  which  ha>  a  hole  c«trresp<»ndinL'  to  the  .ine  we 
wish  to  bore. 

In  turning,  the  tool  (Kcupie-^  various  jxisitious,  the  euttiuir  p<»rtion 
following  the  exterior  contoin- of  the  re<'tangtdar  guiding  plate.  Il'a 
pressjin*  is  exerted  upon  the  t<K»l,  the  Ixiring  will  ctmnneno'  pnnlucing. 
a-  desii-ed,  a  n'f-taugular  hole.  If  any  |M)rtion  of  the  to<»I  1h'  ("onsiil- 
ertnl  during  its  rotation,  it  will  Ih»  foinid  that  the  l<»«-i  of  the  sjune 
represent  most  interesting  curvos  of  the  thinl  and  fourth  onler^. 
Whole  No.  Vol.  (AMI.— (Third  Sf.rus,  Vol.  Ixxviii,  1'. 
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A  nietliwl  of  using  petroleum  as  fuel  for  steam  boilers  has  been 
recently  tried  at  Pittsburg  with,  it  is  .said,  complete  success,  and  as  oil 
can  be  had  anywhere  in  the  region  of  the  wells  for  about  70  cents  a 
barrel,  the  company  who  hold  the  patent  belieye  that  the  invention 
^yill  be  readily  taken  up,  especially  l)y  the  owners  of  steamboats.  It 
resembles  in  its  principal  features  many  of  the  forms  we  haye  previ- 
ously describetl — air,  steam  and  oil-spray  being  injected  into  a  suitable 
fire-box.  The  s})ray  is  said  to  be  immediately  converted  into  inflam- 
mable gas,  becoming  a  pure,  bright,  powerful  flame,  devoid  of  smoke 
and  producing  intense  heat.  To  accomplish  this  result  extremely  sim- 
ple machinery  is  used.  A  small  hole  is  drilled  into  the  iron  front  of 
the  flre-box,  and  into  this  passes  a  tube  which  branches  as  it  leaves 
this  point  into  two  })ipes.  One  of  these  connects  with  the  boiler  itself, 
and  the  other  with  the  receptacle  containing  crude  oil.  At  the  junc- 
tion of  these  i)ipes  there  is  an  aperfure  for  the  admission  of  atmos- 
pheric air.  A'^alves  of  peculiar  construction  regulate  the  quantity  of 
steam  or  oil  admitted  to  the  furnace.  This  is  all  the  machinery 
required,  but  its  operation,  according  to  the  Pittsburg  Telegraph,  is 
wonderfully  complete  and  remarkably  successful.  The  little  steamer 
Billy  Collins  was  selected  by  Mr.  Campbell  for  the  test  and  was  fired 
up  at  9  A.  M.  A  preliminary  blaze  of  wood  under  the  boiler  raised 
the  small  quantity  of  steam  necessary  to  start  the  burner  into  opera- 
tion. The  oil  valve  was  opened  a  trifle,  the  steam  valve  ditto.  The 
petroleum  trickled  into  the  feed  pipe,  was  caught  up  by  the  steam,  and 
both  plunged  into  the  depths  of  the  fire-box,  a  ma.ss  of  many-tongued, 
roaring,  brilliant  flame.  As  the  pressure  of  steam  increased,  this 
flame  grew  in  fury  and  intense  heat,  roaring  through  the  entire  length 
of  the  boiler  with  a  sound  like  the  coming  of  a  thunderstorm.  The 
needle  of  the  steam  gauge  climbed  rapidly  up  the  dial,  and  in  twenty 
minutes  the  safety  valve  blew  off  at  120  pounds  pressure.  It  was  a 
remarkable  sight.  Here  was  a  boat  pufting  through  the  water  with 
no  sign  of  smoke  from  her  chimneys,  no  speck  of  soot  in  flues  or  fire- 
box, no  fireman,  no  opening  of  furnace  doors,  no  dirt,  no  coal  going 
in,  and  no  clinkers  or  ashes  to  be  seen  anywhere.  A  turn  of  the  hand 
regulated  the  terrible  flame  that  seemed  trying  to  overpower  the  limits 
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of  the  fiirnju<-.  and  aiiotlicr  turn  <>f  tlu*  hand  l)r<»uj;lit  tin*  fin-  <lown  to 
a  (jiii«'t  little  tlaiiu',  a  t'«Mtt  or  two  loiij;.  During  tin-  fi»n'n<H»n  •M'«'Hj»i«.'«l 
l»y  tin*  trst,  alxMit  20  jniHons  of  rnnlc  oil  wen*  i-^ujsumwl,  and  Mr. 
<'ani|tl»(ir>  otiniat*-  wa-^,  that  with  oil  <un'  dollar  |Nr  Uirn-I,  this  fn«l 
wiis  (•<|nival('nt  to  cotil  at  si.x  cents  [f|nantity  not  stat***!]  in  Intit-pro- 
<lu<-ing  valiM*,  other  thinj^  Ik'Iujj  cviiial.  Hut  other  thinjr-  Jin-  not 
<'<jual  l)v  anv  means,  and  evervthinj^  is  in  favor  of  <»il  as  ayiiinst  ••«<:il. 
Tho  lal)or  and  exjK'nse  of  "  firing  up"  is  dis|H.'nsfd  witl>,  and  the  engi- 
neer can  r<*gulate  the  Hanic  an  he  doe«  the  steam  in  hix  engines.  The 
<langer  from  sparks  and  Hying  cinders  i.s  entirely  done  away  with. 
The  spar**'  «M'i-upi«*«l  hv  oil,  as  eompanHJ  to  an  e<jual  value  of  <fial,  is 
very  imikIi  1«>*<,  and  this  niueh  is  gaintnl  for  <':irgo.  Further,  the  w<'Mr 
and  tear  ujmhi  l>oilers,  grate  Uir*,  etc.,  is  infinitely  lesK,  an<l,  it  seem-s 
^••arcfly  ne^-osirv  to  a<id,  the  (-rdnfort  of  passengers  is  gr<':itlv  enhaneetl 
i>Y  the  absolute  fre<Mi..ni  from  dirt  of  all  kinds.  To  the  \N\>;tern  ixiat- 
man  this  metlxMl  of  sti-sim-iirodur-ing  is  full  of  interest.  *'(Vi«l  i> 
<'oar'  on  Western  rivers.  Here  is  a  fuel  that  siimus  pn»videil  l»v  natun 
cspe<'ially  for  use  on  craft  when*  ever%*  atom  of  cjirrving  s|>o<f  is  valu- 
able. To  fK><'an-going  sti-amers  this  (levij-e  must  pn»ve  of  extraonli- 
nary  interest.  A  tank  of  oil  situate<l  at  a  remote  en<I  <»f  the  ship 
would  hohl  fuel  sutticient  for  a  double  trip,  and  supplant  the  great 
<'oal  bunkers  with  their  attendant  «lirt.  Spa*"*'  pn'vent>  even  a  glaiKf 
ut  the  iMwsibilities  (»t"  this  burner  on  the  «K«ean.  Tr»  railnNui  men  this 
burner  is  full  ot'  promisi'  alx».  A  hx-omotive  l>oiler,  with  it.**  manv 
tul>es,  wt)uld  Ik'  pien-ed  in  evepk*  part  with  this  wonderful  oil  flame, 
and  the  benefits  arising  from  the  entire  al><ence  of  sj>arks,  cimiers  ami 
.smoke  are  simply  incalculable. 


Taming  Horses  by  Electricity. — The  Pan>  ( )mnibiL-  Comjuny 

<'niploy>  a  tull  lirrtric  <urriiit  a-  an  etlirtive  che«-k  ujH»n  all  native 
horses.  The  current  Ls  exciteil  by  a  small  Clarke  imluction  nuu-hine, 
the  wires  comnnmicsiting  with  the  bit  through  the  reiiu*.  In  <use  of 
any  resistaniv  or  vi«iou««nes,-.  on  the  |Kirt  of  the  horse,  the  driver  sim- 
ply pn'ss4s  a  button,  and  the  nutment  the  curn'nt  is  felt  the  will  of 
the  animal  seems  to  be  ctmipletely  annihilatt^l,  so  that  he  submits  at 
on<x\  The  » rt«vt  .s<H'm.s  to  U'  a  simple  numbness  and  uni^-.isiness,  rather 
than  an  actual  pjiin,  an«l  tlie  metluid  is  gt'nerally  n«ganl«"«l  a<  much 
more  humane  than  whipping,  curb-bits  and  other  (>)nimon  appliance's. 
—mljo  Nnturf.  C. 
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ARTIFICIAL  DIAMONDS. 


The  procluctiou  and  manufacture  of  imitation  precious  stones,  always 
considerable,  has  been  rapidly  increa.sing  in  France  of  late  years,  and 
at  the  present  time,  owing  to  the  perfection  at  which  the  art  has 
arrived,  the  demand  greatly  exceeds  the  supply.  The  chief  seat  of 
the  manufacture  is  suppo.sed  to  be  Paris,  but  this  is  a  })opular  error. 
The  dealers  carry  on  business  in  that  city,  but  the  artificial  stones  are 
manufactured  in  the  mountains  of  the  Jura,  Franche-Comte,  the  com- 
munes of  St.  Claude,  Septmoncel,  la  Meure,  Ics  Molunes,  and  the  sur- 
rounding districts.  The  inhabitants,  men,  women  and  children,  are 
entirely  engaged  in  the  production  of  these  stones,  and  have  been  so 
for  generations  pa.st.  They  particularly  excel  in  the  cutting  of  artifi- 
cial diamonds,  the  process  of  which  we  shall  explain  in  detail  in  a 
future  article.  At  the  present  time  this  species  of  industry  has  devel- 
oped into  a  great  resource  for  the  inhabitants  of  the  above  districts, 
and  they  positively  neglect  the  cultivation  of  the  land  in  its  favor. 
Certain  of  them  undertake  the  cutting  of  real  stones,  but  in  this,  as  a 
whole,  they  cannot  approach  the  careful  workmanship  and  execution 
of  the  Paris  lapidaries. 

At  the  present  day  a  special  composition  possessing  a  considerable 
refractive  power  serves  exclusively  as  a  ba.>^e  for  artificial  diamonds 
and  other  precioiLS  stones.  This  product  is  called  strass.  It  differs 
from  glass  by  the  j)resence  of  about  fifty  ))er  cent,  of  oxide  of  lead 
comprised  in  its  elements.  The  name  is  derived  from  that  of  a  work- 
man named  Strass,  who,  in  the  last  century  (about  1772),  first  directed 
attention  to  the  composition,  and  is  credited  with  being  the  inventor. 

At  the  present  time  stra.ss  consists  of  the  following : 

Silica,  ....     38-2 

Oxide  of  lead,  .  .  .  50*0 

Potash,  .  .  .  .7-8 

Alumina,  borax,  arsenious  acid,  .  traces. 

The  ingredients  and  substances  composing  modern  strass  are  doubt- 
less the  same  as  those  employed  in  the  Middle  Ages,  and  it  is  probable 
that  their  proportions  differ  but  slightly.  But  modern  chemistry  pro- 
vides the  manufacturers  of  our  day  with  products  of  perfect  purity^ 
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and  tlio  inotlns  operandi  lias  lH'<'<Hn('  ;;rc:itly  -implitifHl.  The  j)r<X'«*<lur«' 
<»f  the  early  makers  was  |)nMlijrioib;Iy  (•«)mpli«'at«'<l.  They  were  never- 
theless aware  of  the  fact,  eoiiHrnied  by  nKMlerii  e\j)eriene(.',  that  the 
loiif^er  the  fnsion  was  oontiniuil  the  more  l)eautifnl  the  strass  iKframe. 
When  the  stihstanre  is  prfxlucecl  |)erfef'tly  inire  it  -^erve*  to  imitate  all 
precious  stones,  l\  is  remelte*!  and  intimately  incor]M»nitc<l  with  -uh- 
-tances  with  metallic  bases,  generally  oxides,  wliiih  by  their  c«tmbina- 
tion  with  the  elements  of  the  strass  c(>mmnnic:Uc  to  it  diver-  (-olop^. 
Imitation  ssipphircs  are  pnKlnccd  by  ln(M»  j)arLs  of  strasj?  and  2o  of 
oxide  of  cobalt.  Kmcnilds,  by  KKX)  parts  of  stniss,  8  of  oxide  of 
<(»pper,  and  (>'2  of  oxide  of  chmmium.  DItnnnnff.",  I)ein«r  c«»Iorlef«, 
jMire  strass  alone  is  employetl,  cut  in  the  form  of  a  brilliant  or  rose. 

Artificial  diamonds  eoini)o.se<l  «»f  mere  stntss  alone  were  however  at 
the  best  most  unsatisfactory  imitations.  They  were  <oft,  white  ami 
irlassy,  and  (jnickly  thrown  aside  by  jMin-hascr>  as  failures.  Quite 
recently,  however,  one  of  the  descendants  of  the  Franche-( 'onitd  lapi- 
ilaries,  after  many  year-  <»f  patient  investigation,  has  brought  alxmt  a 
revolution  in  the  manufiu-ture  of  imitation  diamnn<l<.  H<'  substitutes 
a  preparation  of  gold  for  the  oxide  of  lead  in  the  comj)o«-ition  of  the 
.stHLss,  and  further,  the  stones  when  cut  are  subje<-te<l  to  a  chemi(-al 
process  by  which  the  refractive  |)ower  is  made  e<pial  t(»  that  of  real 
iliamonds  of  the  purtst  water.  These  perfect  stoucs  attnicte<l  i;rc;ii 
att«ntion,  an<l  were  much  cominente<l  up<»n  in  the  Paris  Kxhibition, 
M'here  they  were  exposes!  side  by  side  and  in  the  same  c:i<<s  with  re:il 
4Hamou<ls  of  great  pri(V.  They  are  now  being  intnxhiced  t<»  the  Knif- 
lish  pul>lic  un<ler  the  name  uf  ditDiuintu  bnllnntA.  The  sampK-s  which 
Jmve  hoQW  submitte<l  to  our  insjK^'tion  are  oertainlv  far  nesirer  in  their 
resemblance  to  lejd  stones  than  anything  of  the  kind  which  has  previ- 
ously come  under  our  notice. — A'/i7//.«/<  }L'chnnic. 


HK.\Tr\(;  nv  nAinATTox 


Hv   Lf.win  \\  .  Lkkds. 


That  the  earth  should  be  surrounde<l  by  autl  bo  driven  through  a 
space  of  intense  eohl,  and  that  all  the  sen.s;ition  we  term  hwit  should 
come  through  millions  of  miles  of  this  intense  cold  before  n^u-hing 
us,  ought  to  giv»'  us  som(>  hints  of  the  natural  conditi«>ns  under  which 
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our  existence  becomes  possible.  The  wliole  warmth  upon  the  surface 
of  the  earth  is  received  by  radiation  from  the  sun.  Tlie  air  is  warmed 
by  coming  in  contact  with  the  warmed  earth.  The  air  Avarmed  by  this 
contact  with  the  heated  earth  rises,  and  the  colder  air  from  above  tumbles 
down  to  take  its  place.  This  forms  the  great  natural  ventilation  or 
circulation  of  air  over  the  surface  of  the  earth  which  sustains  all  life. 

We  should  endeavor  to  imitiite  this  in  our  artificial  arrangements 
for  heating  buildings.  As  all  solid  objects  at  the  surface  of  the  earth  are 
warmer,  on  the  average,  than  the  air,  our  bodies  are  made  to  conform 
to  that  condition.  They  are,  therefore,  much  better  sustained  while 
inhaling  the  natural  cold  air  than  when  inhaling  warmed  air. 

The  idea  of  attempting  to  warm  our  buildings  by  overheating  the 
fresh  air  supply  hiis  been  a  most  unfortunate  one  for  the  American 
people.  It  is  a  very  unnatural  one,  and  it  is  impossible  to  make  our 
systems  conform  to  it.  It  has  been  adhered  to  and  pushed  with  char- 
acteristic American  pei'severance,  but  the  third  and  fourth  generations 
submitted  to  such  premature  stewing  seem  no  fonder  of  it  than  their 
great-grandfathers.  They  only  become  less  in  stature  and  weaker  in 
mind,  and  if  continuously  fed  on  such  air  would  probably  act  much 
like  the  Irishman's  horses,  just  as  they  had  become  able  to  endure  such 
worthless,  straw-like  stuti',  they  would  die. 

For  healthfulness  the  open  fire  most  nearly  imitates  the  radiant  heat 
of  the  sun.  The  air,  warmed  by  immediate  contact  with  the  fire,  is 
carried  up  the  chimney.     It  is  not  thrown  into  the  room  to  be  breathed. 

As  the  radiation  from  the  fire  passes  through  the  pure  air  without 
warming  that  air,  it  follows  that  the  rays  of  heat  are  thrown  across  the 
room  to  the  opposite  walls  and  partially  warms  them,  and  warms  any 
pei'sons  in  the  immediate  range  of  that  radiation.  It  follows,  there- 
fore, that  the  persons  in  a  room  may  be  comfortably  warmed  by  the 
direct  mys  of  ah  open  fire  or  other  hot  body  while  being  surroimded 
with  and  inhaling  cold  invigorating  air.  Tliis  is  much  more  whole- 
some and  more  agreeable  to  our  system,  because  more  natm'al,  than 
when  surrounded  by  that  artificial  condition  produced  by  all  oiu-  warm 
air  contrivances,  when  the  air  is  hotter  than  the  solid  objects  in  the 
room.  All  these  air-warming  contrivances  which  we  have  been  intro- 
ducing so  extensively  are  unnatural  and  incorrect,  and  the  sooner  we 
abandon  them  and  adopt  the  natural  system  of  warming  by  radiation, 
as  is  done  by  the  sun,  the  better  it  will  be  for  the  health,  strength  and 
prosperity  of  the  nation. — Plumber  and  Sanitary  Engineer. 
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Potential  Energy  of  Liquid  Surfaces. — In  \^'<'>,  (>.  X'aii  «ler 
MeM8l)ruj;^li«'  «l»iii(»ristrato«l  the  two  tollowiiijr  |>n»|M>siti<»ii>: 

1.  If  the  U|>|t<'r  trii.'  layci"  of  n  litpiid  mass  uml<Ti;<H>  an  fXiKinsiou, 
it  Ikmmmih's  ('(Mdcr;  if,  on  tlio  contrarv,  it  coiitnict-,  it  iH-i-oiiu-s  wariiK-r. 

2.  In  wuli  cjLse  theiv  an-  ilcvcIdjMd  in  tin'  mass  tlu-rmo-i'leotm- 
ciirronts,  with  intnisitics  iiiverx-ly  projMdtioiicil  to  the  ma».ainl  <lin-«tlv 
I>ro|M)rtioiK'<l  to  tlie  suriiU'o  variation.^. 

He  a))]>li(il  tiusi'  |>rojM>sitions  to  the  e\'))lauatioii  of  tlie  movements 
on  the  fiiirfaces  ()f  soap-huhbhs,  the  alternating  movement-  of  Iii|ui<l 
lay<'rs  on  other  licpiids,  the  (M'cjisional  extniorJinarv  |»r«KJuetion  of 
heiit  in  a  solid  when  moistene<l  l»v  a  Ii<|ui«l,  the  tliermo-4'hHtrie  i-nrrents 
(leveloiKnl  hy  v:iriation>  of  extent  in  the  siu'tar-e  of  seiniration  U-twi-en 
two  li(|ni(ls,  the  enormous  electric  (li.s<-iiar»re-  in  storms,  the  mainten- 
ance in  a  li(jni<l  state  of  the  little  drops  whicji  form  cIoud>  and  mists 
in  a  freezinjj;  utmotsphcrc,  the  extvptional  phenomena  pres<.'nte«l  l>v 
.some  alloys  near  their  limit>  of  greatest  den-ity,  the  intense  heat  whitii 
is  re(jnire<l  to  detach  a  volatile  li<|nid  from  a  porons  snrfuv,  the  phe- 
nomena oi'  ehnllition  ol)serve<|  in  Donny's  cla>-ical  »x|Hriment-,  Ilan- 
stcMi's  relation  i>ctwccn  mctc(»rol(»jxiail  pertnrhations  and  m:ij;netic 
variations,  the  movement-  of  Kuhhles  ot"  air  in  levels  and  \a|M»i-- 
l)nl)l)l(s  in  the  (".ivitie-«  <>f  mineiids,  and  Savart's  j»h<-nomena  in  liipiid 
sheets.  in  a  i-ecciit  paper  in-  Ikl-  extendi-d  the  apjtiic-.ition  of  his 
fornudas  to  the  loss  of  jicat  in  a  jet  of  vajxtr,  the  incn':t<in<r  •'ner<;v  of 
waves,  the  formation  of  hars  at  the  m<tnths  of  rivers,  and  the  motion 
of  the  Gulf  Strojim.  His  explanations  are  all  verv  inpnions,  and 
many  of  them  are  eonfirmtsl  Ity  sitistactorv  exjK'riments. —  />«//.  ih- 
rAcod.  lioif.  lie  Iir/(/ifjii< .  C'. 


SCIKXTIFIC  SPKf'IALTlKS. 


M<»i;i'II<»i,(m;is<iif>  .1  Aili;iti(H.  v.  o.  part  1.  \.  Ivaidn-r.  ..n  the 
(KH-nrrt-nce  ot"  JMiddin^  amonjr  the  vertehnita. 

JoiUNAi-  Di;  I'hvsu^ik,  Jnne.  Cormi,  -[Kitit.-- .>p,  p.r  iiit!;i- 
violet.  Cniva,  sjH'etrometry  of  hi^h  t«in|H'r:itnre>.  H,  K«>«-.pierel, 
nijijrnetie  n»tatory  |»(>wer  of  ^rase-.  Hichat,  do.  of  liipiiiU  an«l  their 
vapors. 

AxTHi{<n*(>i.(Kii(  At,  I\-riTi  TK.  I^tndon.  .Imie  Ji,  W  II.  I'jow,  r. 
OsttHiloijv  of  the  .Vndamar  I-landeis. 
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Physical  Society,  June  21.  Unwin,  friction  of  fluids  on  solid 
substances  against  which  they  rub.  June  28.  Adams,  new  measuring 
polariscope.     Conroy,  distribution  of  heat  in  the  spectrum. 

Nature,  July  17.  Hoi  1  way,  use  of  sulphides  as  fuel  for  rapid 
oxidation.  July  24.  Galton,  results  of  experiments  on  friction  at 
high  velocities,  showing  eifect  of  brakes  on  railway  trains.  Moebius, 
on  the  Eozoon  question.  July  31.  Carpenter,  on  the  Eozoon.  Fer- 
rier,  review  of  Calderwood  on  brain  and  mind. 

Royal  Society,  June  19.     Roberts,  new  tide-prediction. 

AccADEMiA  DEI  LiNCEi,  Juue  1.  Tonimaso-Crudelis  and  Kubs, 
nature  of  the  specific  agent  which  produces  fevers  from  malaria. 
Villari,  thermic  and  galvanometric  laws  of  electric  sparks  from  con- 
densers. 

Quarterly  Journal  of  Microscopical  Science,  July.  Lewis, 
microphytes  in  blood,  and  their  relation  to  disease. 

Journal  of  Anatomy  and  Physiology,  July.  Fleming,  phy- 
siology of  the  Turkish  bath,  and  effects  of  hot  dry  air  upon  man. 
Hamilton,  on  the  process  of  healing. 

RiviSTA  Scientifico-Industriale,  Nos.  11 — 13.  Ferrini,  elec- 
tric conducting  power  of  carbons.  Palazi,  constitution  of  fogs  and 
clouds.  Roster,  new  method  to  determine  the  melting  point  of  organic 
substances. 

Vienna  Academy,  May  15.  Lippich,  electro-megnetic  rotation 
of  the  plane  of  polarization  of  light  in  air. 

Philosophical  Magazine,  August.  Rowland,  on  Ayrton  and 
Perry's  new  theory  of  Earth's  magnetism.  Smyth,  spectroscopy  of  C 
and  carbo-hydrogen.  Preston,  consistency  of  cyclical  changes  with 
the  tendency  to  temperature-equilibrium. 

Amer.  Jour,  of  Science  and  Arts,  August.  Upham,  terminal 
moraines  of  the  N.  A.  ice-sheet.  Cutter,  microphotography  with 
Tolles'  yig  inch  objective.  Kimball,  magnetic  strains  in  iron.  Hill- 
yard,  loess  of  the  Mississippi  valley  and  the  Aertian  hypothesis. 
Peirce,  on  Faye's  method  of  swinging  pendulums  for  the  determina- 
tion of  gravity.     Hodges,  on  the  size  of  molecules. 

American  Naturalist,  August.  Gatschet,  adjectives  of  color  in 
Indian  languages.     Upham,  formation  of  Cape  Cod. 
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In  ruonrcrrouY. — Oiu'  of  the  airlit'st  investigations  planned  by  tlio 
w  ritt-r  when  organizing  the  Mtn-hanieal  I^iboraton*  of  the  Stevens  In- 
stitute of  Ttrhnology  \v:l>;  that  lu-ri'  des^-rilKHl.  Xc:irly  all  our  kn<»wl- 
i^lge  of  the  strength  of  tiinl)er  was  tlerivetl  fn>ni  foreign  s«>ur<v>  ami 
wa<  (»f  liniite<l  extent,  an<l  authorities  were  somewhat  (>»ntlieting  in 
statement. t  It  was  evitlent  that  more  work  in  that  tle|>artment  of 
research  was  nN|uire<l,  ami  that  exjKTiments  on  the  stn^ngth  of  Am«r- 
i<':in  w<hkIs  were  deinaniliil  not  only  l»y  engineers  an<l  an-hite^-t.-  in  the 
I'niteil  States,  Imt  l>y  members  of  the  proftswion  in  Em>»|H-.  w  ht-ri- 
some  Amerie:in  timlM-r  -  i's|HiMally  our  sot\  pines — i>  il-^-iI. 

The  ex|H'riments  here  <les<riU>il  are  t«H»  few  in  numlKr.  an»i  «T»\er 
too  limittnl  a  |>ortion  of  this  fiehl  to  claim  attention  a>«  really  authori- 

•  A  i«|»cr  rwMl  at  the  Saratoga  nipeting  of  the  .\meriran  Anaoriation  for  Adrance- 

inent  of  S'ionif,  Atitni^t,   1S7'.*. 

ttVunpare  Iturlow  and  Tntlffolil  with  I.iL<ilett.  Il;irlow  on  the  Stivngth  ami  Stress 
of  TinilKT,  I>indon,  !{<-•>;  Tn^lj^old's  Klementarv  Prinriples  of  C'*rj>entn»-,  I>>n<ion, 
1870.     Loslctt  on  Timber  ami  Tinil)er  Tre«s  I»ndon,  1ST*>. 
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tative  and  satisfactorily  complete ;  they  will,  however,  have  some  value, 
and  may  be  taken  as  an  initial  portion  of  a  complete  study  of  Amer- 
ican woods  which,  it  is  hoped,  may  hereafter  be  made. 

The  writer  desires  to  express  his  obligations  to  the  Secretary  of  the 
^avy,  to  the  Chief  of  the  Naval  Bureau  of  Construction  of  the  Navy 
Department  and  to  the  Naval  Constructor  of  the  Brooklyn  Navy 
Yard  for  a  kindly  interest  taken  by  them  in  the  work,  and  particu- 
larly for  the  important  assistance  rendered  by  them  in  carrying  it  out. 

It  seemed  eminently  desirable  that  the  woods  examined  and  experi- 
mented upon  should  be  of  the  kinds  used  most  generally  in  construc- 
tion ;  that  the  specimens  should  be  of  sound,  good  stock,  and  that  the 
•test-pieces  should  be  carefully  and  accurately  made  to  standard  size 
iand  shape.  As  the  best  means  of  securing  these  desiderata,  the  Secre- 
tary of  the  Navy  and  the  Chief  of  Bureau  were  requested  to  furnish 
test-pieces  of  the  form  and  size  standard  in  the  Mechanical  Laboratory 
of  the  Stevens  Institute  of  Technology.  The  favor  Avas  cheerfully 
granted,  and  the  Naval  Constructor,  on  receipt  of  orders  from  the 
Navy  Department,  prepared  the  required  specimens  at  the  Brooklyn 
Navy  Yard,  at  the  earliest  practicable  date,  taking  a  personal  interest 
in  securing  the  desired  quality  of  material  and  accuracy  of  workman- 
ship. The  samples  thus  furnished  may  be  regarded  as  well  represent- 
ing those  American  woods  which  are  here  treated  of. 

The  samples  furnished  were  of  white  and  yellow  (Georgia)  pine, 
locust,  black  walnut,  white  ash,  white  oak  and  of  live  oak. 

The  characteristics  of  good  pine  timber  are  the  following : 

It  has  a  close  grain  and  its  slow  growth  should  be  evidenced  by  the 
thinness  of  the  annual  rings,  which  should  not  exceed  a  tenth  of  an 
inch.     The  trunk,  and  consequently  its  rings,  should  be  symmetrical. 

The  best  timber  is  charged  with  resin,  which  preserves  it  from 
decay,  and  gives  it  strength  and  elasticity ;  its  presence  is  indicated  by 
strong  odor.  The  color  of  the  wood  should  be  a  clear  tint  of  yellow 
and  red,  alternating,  and  the  texture  as  well  as  the  colors  should  be 
very  uniform. 

The  working  of  the  timber  gives  a  reliable  indication  of  its  quality. 
It  should  oifer  considerable  resistance  to  splitting  along  the  grain,  it 
should  be  strong  and  free  from  wooliness,  and  the  cut  of  the  saw,  and 
of  the  plane  or  chisel,  should  leave  smooth  surfaces.  The  shavings 
and  chips  should  be  strong  and  elastic,  and  the  former  capable  of  being 
twisted  about  the  finger  without  breaking. 
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White  pine  (Finns  nlrohnx)  i.s  :i  native  of'  North  AiiHTii-si,  and  takes 
its  name  from  tlir  color  of  it.-<  w(hk1.  It  ^row-  in  all  kinds  of  hmI. 
Tlie  JK-st  timber  i.s  found  in  cool,  damp  situations,  in  the  forest**  of  the 
Northern  United  Stiitos  and  C'anjula,  iK'twccn  theforty-thinl  an<l  forty- 
seventh  parallels  of  north  latitude.  It  really  tlouri<li«-s  well  jts  far 
south  !Ls  Virginia.  It  j^rows  to  ^reat  size,  reaching  a  heijjht  of  upwanU 
of  'JOO  feet,  with  a  diameter  of  10  fwt  at  the  height  of  a  man's  .shoul- 
<ler  froiii  the  ground.  It  is  the  tallest  tree  in  our  forests.  It  .nonie- 
times  hwIk's  the  a^e  of  .'JoO  vears.  Sin;rle  l'*^'^  have  lM'<'n  cut  "{H 
irjches  square  and  <)()  feet  lon<;. 

Its  w(km1  is  yellowish-white  in  eolor,  li^ht  in  weight,  rather  .S4»ft. 
free  from  knots,  stniii;ht  t;raine<l,  and  is  ver^' easily  cut.  It  is  durahlc 
only  in  dry  air.  It  contiiins  very  little  resin;  it**  leaves  are  very  slen- 
der; its  e<incs  are  very  nearly  cylindriiid  an<l  4  or  5  inches  lonjr.  Its 
leav(s  are  pale  \rvw\\  in  color.  Its  specitic  gravity  is  al)out  U'7  jjn-en 
and  ()'5  seitsoiuMl.  It  is  use<l  for  li^ht  carpenters'  an<l  joiners'  w«»rk, 
and  is  remarkahly  well  a<l;ipte<l  to  pattern  makers'  use.  It  Ikls  Uhmi 
employed  to  a  considerahle  extent  in  huihlin^  w<KMlen  hriilp-s.  It  i- 
not  a  verv  str»»nj;  wotxl,  and  swells  «ir  shrinks  seriously  when  the 
hv^rotnetric  stiite  of  the  atmosphere  changes  cotisideraMy.  For  many 
pur|)<>ses  its  .softness  is  a  st-rious  ol)je<'tion. 

The  American  YeUmr  Pine,  "  Sjtrnre  /'/»/■,"  or  xhort-lrarefl  J'ine 
(PiniM  miti-'i,  Pinu^i  variabilii<),  is  found  throujrhout  the  c<uintrv,  in 
<lrv  s:in<ly  .soils,  from  New  Kn^land  to  Georjjia.  It  is  nmch  u.s<h1  in 
«ir|K'ntrv,  and  for  franiin«i;  and  fl«K)ring,  and  in  ship  l»uildin«;  ;  it  is 
also  ustxl  for  the  masts  an<l  yards  of  larjre  vessi'ls.  The  trunk  is 
straijrht  and  slender.  The  heart  wo«k1  is  tine  <;niin»'<l,  nuHlerately 
roinous,  stronj^  and  diinihle.  The  s;i|»  wo<h1  is  p<M>r  in  quality,  and 
de("ays  nipidly.  Its  cones  are  small ;  its  leavi-s  are  in  i^roups  of  threi«s, 
and  from  .J  to  5  incln's  loni:.  It  attains  a  heiu'-ht  ot'  «»o  t'«tt  and  a 
diameter  of  18  ineht^. 

The  Sonthrrn  Pine,  *' jAmtj-ieareti  ]*ine"  {Piiiu.n  AuMtni/l.*,  J*inuj* 
j>(i(i(ntri.'<),i-i  «listril>uti'<l  alonj;the  .Vtlantic*  co:ist  fronj  Maryland  south- 
wanl,  on  sandy,  light  soil.  It  is  prob:d)ly  the  most  gt-nenilly  u.s<>ful 
of  our  w«kh1s,  an<I  immen.si>  (piantities  are  l>n»ught  into  market. 

Its  name  is  sometinus  i-ontuscHl  with  that  of  the  pitch  pine,  and 
Iwtth  kiiuls  ot"  wo(h1  are  kn«)wn  in  the  Ivistcrn  States  as  htirtl  pine. 

Both  kinds  are  exten.sively  ii-stxl  by  Atlantic  ship  builders  tor  plank- 
ing, U-ams,  ,«t<',,  but  si'Mom  f  tr  any  part  of  the  frame. 
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The  yellow  pine  sometimes  attains  a  height  of  150  feet  and  a  diam- 
eter of  4  feet ;  but  the  pitch  pine  seldom  exceeds  two-thirds  this  size. 
The  former  is  principally  obtained  from  the  States  of  Virginia,  North 
Carolina  and  Georgia,  while  the  latter  is  abundant  in  all  the  Atlantic 
States  south  of  Chesapeake  Bay.  The  yellow  ])ine  required  for  nayj 
yard  ase  is  described  as  long-leaved,  fine-grained  Southern  yellow  pine. 
Its  leaves  are  light  green,  8  to  11  inches  long,  and  rigid  ;  they  are  dark 
ijreen  in  color.     The  cones  are  6  to  8  inches  lono;. 

It  has  but  little  sap  wood,  and  the  heart  wood  is  of  very  uniform 
([uality,  its  resinous  matter  being  very  regularly  distributed.  Its  grain 
is  fine  and  close,  and  it  has  greater  strength,  diu'ability  and  hardness, 
tlian  any  other  species  of  pine. 

Though  not  as  tough  and  elastic  as  white  oak,  the  yellow  pine,  espe- 
cially that  from  Greorgia,  successfully  rivals  it  in  stiifness.  If  a  beam 
of  each  kind  of  timber,  equal  in  dimensions,  be  suspended  by  the  ends, 
the  oak  beam  will  depart  most  from  its  "  mould,"  but  will  break  under 
about  the  same  load.  In  dry  situations  the  pine  is  extremely  durable^ 
and  where  the  properties  of  lightness  and  solidity  are  required  in  com- 
bination it  is  to  be  preferred  to  oak.  Experiments  upon  the  shrinkage 
of  various  woods  by  Mr.  James  Jarvis,  at  the  U.  S.  Navy  Yard,  Nor- 
folk, Va.,  indicate  that  yellow  pine  should  be  cut  in  summer. 

The  Locust  or  common  Acacia  {Robinia  pseudo-acacia)  is  a  flower- 
ing tree,  found  in  the  mountainous  and  hilly  portions  of  tiie  country 
from  Canada  to  the  Southern  States. 

It  grows  rapidly  and  reaches  a  height  of  70  feet  with  a  diameter  of 
4  feet,  but  is  usually  considered  full  grown  if  40  feet  high  and  a  foot 
in  diameter.     It  is  a  fine  ornamental  tree. 

The  wood  has  a  peculiar  greenish-yellow  color,  resembling  boxwood 
slightly.  The  structure  is  alternately  very  compact  and  quite  porous. 
Its  annual  rings  are  thus  veiy  distinctly  marked. 

It  exhibits  no  medullary  rays,  and  the  wood  lias  neither  taste  nor 
odor.  When  of  good  quality  it  is  difficult  to  cut  and  work.  It  is  a 
very  valuable  timber. 

It  is  especially  valued  for  fence  posts  and  rails,  or  boarding,  but  h 
seldom  found  of  sufficient  size  and  in  quantity  sufficient  to  be  used  in 
the  latter  form.  It  turns  well  in  the  lathe  and  has  great  torsional 
strength  and  resilience,  excelling  all  other  common  woods  in  this 
quality. 

The  Ash  {Fraxinus  excelsior)  of  Europe  and  the  White  Ash  (Frax- 


Oct.,  1879.]  S(renf/fli  of  Aiiierirnn  Tiinln'r.  'I'll 

inu8  Aiiwricana)  of  Aim'ri«-:i  aro  also  valuaMc  tiinlKT  tn^-s.  Tlnir 
woods  liavn  many  u.sciful  applicjitions.  Asli  is  (juit«*  similar  in  color  t<> 
oak  an<l  in  texture  to  clicstnnt.  It  is  strai^lit-^niin<-<l,  rrmarkaMy 
toii^'li  and  clastic,  exccllin;!  all  other  common  \vo«m|s,  and  an.swer^ 
admiraWiv  lor  handspikes,  heavy  oars,  ship  lilo<-k.->,  t(rt»l  han<lle<,  the 
woodfii  poi-ti(»ns  and  framing  of"  machinery,  and  lor  \vhc<-l  <':irria^»*s 
an<l  aL'rii'idtiiral  iniplcm»'nt>.  It  i-  diiraMc  innlrr  cover,  hnt  decay.s 
ra|>i<ll\  if  exposed  to  the  weather.  The  tree  <;rows  to  a  hei^^ht  of  <>(• 
feet,  and  ac(piires  a  diameter  of  20  inches  in  rich,  moist,  ln:iiii\  -^^W. 
It  has  no  olwervable  sjij)  wo<k1. 

The  lildck  Walnut  (JufjIaiDi  ni(jni)  is  found  throu;;hout  om-  Middle 
and  western  States,  and  as  far  south  as  the  (Jnlfol"  Me.xii-**.  Tiie 
tn'C  presents  a  fine  appearance,  attains  considendde  f^i/x*,  and  yields  a 
nmch-pri/.ecl  tinilxr. 

'V\\v  wood  varies  consideraMv  in  quality.  It  is  of  a  hrown  <-<)l<)r, 
approachinjx  red  in  smne  spe<'iniens,  and  of  a  dark  ch<K'oIate  <-ol<ir  in 
others.  'J'he  sap  wood  i-  frecpinit i\-  <piite  iijiht  in  eujor.  The  Iw'.t 
wood  has  a  tine  t;rain  and  a  dens^'  structure,  although  usually  exitdletl 
in  l)oth  particulars  hy  ^o<.h1  mahoi^any. 

It  is  strong,  durahle  and  ea.sily  worktil.  It  is  more  generally  umiI 
in  the  I'nited  States  for  furniture  and  for  ornamental  pur|M(ses  than 
any  (»ther  wood,  and  immense  (piantities  of  it  are  aiuuially  worke<|  up. 
Jt  is  nearly  ius  strou}^  :ls  njaho;j;any  and  is  toucher. 

'Ilir  Llvi'  Odk  [(^uercuM  vircn^)  is  <tne  of  the  Inv-t  kni>wn  *hip-iim- 
ber  trees.  It  is  ever<;reen  and  <rrows  on  the  sea  coast  fn»m  Maryland 
to  the  (iidf  of  Mexico  and  the  Mi.ssi.ssippi,  and  is  now  so  s<-ar(v  and 
.so  valuable  that  the  government  has  reserved  all  of  the  Florida  live 
oak  forest.s  for  naval  |)urposes. 

This  tind)er  is  u.sed  almost  exclusively  for  the  pur|M>se>  of  >hip 
buildin;;.  It  is  heavy,  compact,  finc-^niini'«i,  yellowish  in  color,  and  i-« 
the  stronj^e-st  and  most  durable  oi'  all  Ameri<':in  wotnls.* 

The  tree  <;rows  to  a  hei<rht  (»f  GO  f«rt,  and  to  a  diameter  m  j  tiii. 
but  is  usually  lOor  45  feet  hi<:h  and  12  to  IH  inches  in  diameter.  The 
CJipillarv  vessels  of  the  heart  wihkI  an*  tilled  with  a  i;ummv  sulxstamv; 
uidike  other  varieties  of  oak  in  our  countrv,  it  is  tree  from  acid. 

Live  oak  is  not  well  adapteil  to  the  rcveption  of  spike  ta^teniu;^,  it-« 

*  The  writer  pa«ses-«es  a  live  o.nk  i-anc  tflken  in  18fio  from  the  ket'l  of  the  frigntt' 
Unitfd  Statff,  a  naval  vessel  linilt  verv  early  in  the  j»n'*ent  centnry.  It  is  ati  |>erfe«-tly 
ooiind,  apparently,  :t>*  when  first  rnt. 
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the  gi'aiii  refuses  to  receive  the  point  in  the  cutting  direction,  and  per- 
mits splitting  of  the  wood.  Tliere  is  no  difficulty,  however,  in  fasten- 
ing with  bolts  and  tree-nails.  The  sap  wood  is  whitish  in  color,  and 
is  free  from  the  glutinous  matter  found  in  the  dense  heart  Avood.  Live 
oak,  if  expo.sed  long  in  the  open  air,  in  the  rays  of  the  sun,  or  to 
winter  winds,  wall  check  badly.  It  does  not  require  many  months  of 
air-seasoning,  however,  to  fit  it  for  its  ordinary  uses.  It  is  the  most 
costly  ship  timlier  in  the  market. 

The  White  Oak  (Quercus  alba)  is  a  more  common  and  a  very  valu- 
able variety,  and  is  in  extensive  use,  especially  for  ship  building,  for 
which  its  trunk  furnishes  the  heavier  timber,  and  its  large  roots  and 
branches  yield  the  "compass  timber."  It  is  used  for  water-wheel 
shafts  and  other  millwrights'  work.  The  bark  is  of  great  value  for 
tanning. 

This  tree  is  found  from  Canada  to  the  Oarolinas,  and  is  most  abun- 
dant in  the  Middle  States,  forming  large  forests  west  of  the  Alleghany 
range  of  mountains.  It  reaches  a  height  of  80  feet  and  more,  and  its 
trunk  is  sometimes  6  or  7  feet  in  diameter.  It  is  one  of  the  few  tree& 
which  retain  any  of  their  leaves  throughout  the  winter.  The  leaf  is 
deeply  indented,  long  ;ind  narrow.  Its  bai'k  is  of  a  light  grayish-white 
color,  giving  it  its  name ;  its  wood  is  light  straw  colored,  with  a  tinge 
of  red,  and  is  very  tough,  strong,  durable,  elastic  and  pliable,  with 
strong  lateral  cohesion.  It  is  very  liable  to  shrink,  warp  and  crack  in 
seasoning,  and  is  therefore  of  little  value  for  boards.  It  is  used  for 
artillery  carriages  and  makes  very  good  steps  for  the  lower  ends  of 
turbine  w^ater-wheel  shafts.     The  shrinkage  amounts  to  about  ^. 

The  wood  of  trees  sixty  to  one  himdred  years  of  age  is  much 
tougher,  })articularly  on  high  lands,  than  that  of  older  trees.  The 
wood  from  the  roots  makes  beautiful  furniture.  The  cost  and  the  dif- 
ficulty of  working  it  preclude  its  extensive  use.  Xo  certain  data 
exist  for  comparing  the  properties  of  Avhite  oak  grown  in  various  dis- 
tricts, but  it  is  generally  supposed  that  the  best  timber  for  durability 
is  that  grown  near  the  Atlantic  seaboard  or  along  the  borders  of  the 
great  lakes.  Grenerally  the  strongest  timber  is  grown  on  wet  lands. 
The  experiments  of  Jarvis  prove,  fii*st,  that  there  is  ten  per  cent,  in 
one  year  and  five  per  cent,  in  four  years  more  shrinkage  in  weight  of 
the  squared  timber  which  is  cut  in  the  Avarm  season  than  in  that  cut 
during  the  cold  season;  secondly,  that  in  case  of  round  logs,  in  bark, 
there  is  eight  per  cent,  in  one  year  and  seventeen  per  cent,  in  four 
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vcars  more  Iosh  bv  evaporatioji  if  rut  in  t)i«'  suiiirucr  s*^^^^!.  It  ha.-  :i 
sfK-<-iHc  jrnivity  of  from  O'T  t<»  M,  \vei;;liiiij:  fr..iM  4  I  |m.iiii.K  .In  to 
70  |)(»iin(l.s  wIk'II  ^rwu  jjct  <ul)i<'  f«H)t. 

The  FOH.M  and  DI.MKNSIONS   ok   Th>ST-I'lE<h>>  ILstnl  in  llies*'  exiMii- 
mciit-  (>«•«•  V\]i>.  1  to  \)  were,  !U'^  at  first  prrpaml,  jriv<n  in  the  a<'«-<>n»- 

paiiving  ligurc>  : 

Kiii.  1.     Terwion. 


111 


K 


<_ii 


I._/S.l.J)f.i.Cl > l_/ii4— '^- 


Fio.  2.     C'omiwfssion. 


.-aw. 


Flff.  :5.     Transverse. 


«.    Jt _ 1 

Fut.  4.     Tonsil  III. 

1        ,  — ^ 

■^ 

•  ) 

1 

< 

The  wliit*'  pine  hcif  dcs^Tilttil  wju*  of  liirht  •■olor  and  wrakt-r  than 
n-ally  <r«MM|  piiu-  sh<»ul«l  U-.  .\inon«r  othrr  .siinph's  testo<l  -ulix^pH-ntly 
one  lK)re  <loiiltlr  the  load  which  l»n>kt'  this.  The  fart  is  a  j;«mx1  ilhis- 
tnition  y*\'  the  )in'i\l  variahility  ohservi-*!  in  the  strength  of  tiinlnT. 
Phi-  yellow  pine  w:ts  of  tine  ipiality,  as  wen*  the  Im-u-^t  and  tlie  oak.s. 
Tlie  ash  was  a  little  t<>«)  dry,  hut  otherwi.so  exivllent. 

The  folldwinir  tahle  exhibits  their  sizes  and  densities: 


224  Strength  of  American  Thnher.         [Jour.  Frank. 

Table  of  Dimensions  and  Densities  op  Woods. 


Inst. 


No.  1. 
Tension. 

No.  2. 
Compression. 

No.  3. 
Transverse. 

No.  4. 
Torsion. 

11 

.H  X 

-4 

^  9 

NAME. 

y; 

3 

Ml 

C 

£. 

C 

ill 

IS  ^ 

U) 

S"? 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in  . 

in. 

White  Pine, 

4 

•537 

2-25 

1117 

60 

3 

3 

54 

1 

■780 

•0017 

29  •376 

Yellow  Pine, 

4 

■532 

2-25 

1  -102 

60 

3 

3 

54 

1 

•760 

•0270 

46  656 

Locust, 

4 

•522 

2^25 

1  -078 

CO 

3 

3 

54 

1 

•656 

•0330 

57  ^024 

Black  Walnut, 

4 

•5:Jo 

2  "25 

1  112 

60 

i    ^ 

3 

54 

1 

•785 

•0220 

38  •016 

White  Asli. 

4 

•.544 

2  -25 

1  -KU 

GO 

3 

3 

.54 

1 

•762 

•0-200 

34  ^560 

White  Oalv. 

4 

•481 

2  -25 

1   117 

60 

3 

:i 

54 

1 

•780 

•0240 

41  -472 

Live  Oak, 

4 

•497 

2-25 

1  -117 

60 

3    1 

3 

54 

1 

•656 

•0390 

67  ^392 

The  testing  machines  used  in  this  work  were  the  standard 
machines  of  the  Mechanical  Laboratory  of  tlie  Stevens  Institute  of 
Technology.  The  tension  and  compression  machine  is  of  a  peculiar 
design,  which  has  never  been  reproduced,  and  which  was  supplied  to 
tlie  writer  by  Messrs.  Riehle  Brothers,  of  Philadelphia. 

It  consists  of  two  strong  cast  iron  columns,  secured  to  a  massive 
bed  frame  of  the  same  material ;  above  tliese  columns  is  fastened  a 
heavy  cross-piece,  also  of  cast  iron,  containing  two  sockets,  in  which 
rest  the  knife-edges  of  a  large  scale-beam.  The  upper  chuck  is  sus- 
pended by  two  eye-rods  from  two  knife-edges,  |  inch  to  one  side  of 
centre  of  a  heavy  Avrought  iron  block,  which  is  hung  by  two  links 
from  two  pairs  of  knife-edges  projecting  from  the  scale  beam  on  oppo- 
site sides  of  the  knife-edges  of  the  latter  and  at  equal  distances  from 
them,  the  whole  making  a  very  powerful  differential  beam  combina- 
tion. All  the  knife-edges  are  of  tempered  steel,  and  the  sockets  and 
eyes  are  lined  with  the  same  material,  thus  reducing  friction  to  a  min- 
imum. The  load  is  applied  by  means  of  a  hydraulic  press,  with  a 
fixed  plunger  and  movable  cylinder ;  to  the  latter  the  lower  chuck  is 
fastened  by  means  of  an  adjustable  staple  and  link.  The  stress  to 
which  the  test-piece  is  subjected  is  measured  by  means  of  suspended 
weights  and  a  sliding  poise.  The  specimen  is  secured  in  the  chucks, 
either  by  wedge-jaws  or  cored  chucks,  according  to  the  specimen  to  be 
tested.  The  capacity  of  the  machine  is  twenty  tons.  Fig.  5  exhibits 
the  machine  with  the  sliding  poise  and  adjusting  apparatus  omitted. 

The  extensions  were  measured  by  means  of  an  instrument  in  w'hich 
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<'oiitJU't  i.><  indiciiKf)  l)y  im  "  «'Ic<trir  nmtart  apjKinitU'i."  The  ii»«tni- 
iiiciit  consist."  c-vHiitiallv  of  two  very  a«-«-ur:it«ly  iiia«l«*  riiirroiiu'ttT 
-tnws,  working;  -mi^'ly  in  mits  s4'«-urMl  in  a  t'nirin-  \vlii«-li  is  Ik-li'inil 
to  tlir  lirail  <il"  the  sjKH'iim'ii  l»v  a  ><Tf\v  i-laiii|».  It  is  h»  sliajMil  that 
tlir  microiiictfr  x-n-ws  run  parallel  to  aii<l  e«|iii<li>taiit  f'nuii  the  n«'«-k 
of  tlie  s|)e<'inieii  on  oj>[K»it<*  si<le>.  A  >iniilar  I'raiue  is  claJUjHil  t<>  tin- 
lower  hejul  of  the  xiH-HMinen,  and 
Ironi  It  pro|e<'t  two  insMiate<l  ine- 
lallie  |M»in(s,  eaeli  op|K»site  one  of 
I  he  niierotneter  s<'re\vs.  Ele<tri<- 
<oiine<'tion  is  made  lM't\ve<'ii  the 
two  insulated  points  and  one  ]M)le 
of  a  voltaie  e«'ll,  and  also  Im'- 
twien  the  niieroineter  s<Tews  an<l 
the  other  pole.  As  s<M)n  as  one  of 
the  tnieroineter  s<'rews  is  hroiiifht 
in  eontaet  with  the  opposite  insn- 
lateij  point  a  current  is  (staltli>hei|, 
whieh  fact  is  iinrne<liately  n-vealMJ 
l»v  the  stroke  of  an  eh^-trie  Udl 
placed  in  the  circuit.  The  pitch 
iA'  the  MTews  is  (>*(»2  ot"  an  in<-h,  and  their  head-  are  clivide<l  into  l'i  h  i 
<Mpial  parts;  heiie*'  a  rotary  advanc*-  of  one  division  on  the  s4-n-w  ln-ad 
ppMluees  a  linear  advaiKc  of  one  ten-thousandth  ((HXM>l)«»f  an  inch. 

A  vertical  ^-Av,  divide<l  into  fiftieths  of  an  inch,  is  fasteniil  to  tin- 
fiaiiie  of  the  instrument  and  set  ven*  fIoe<e  to  e:u-li  screw  hi-ad  and 
panillcl  to  the  axis  of  tin*  s<'rew  ;  thfj^o  .serve  to  mark  the  startini: 
point  of  the  former  and  al.so  to  indicate  the  luunlMT  of  revolution- 
made.  \\y  means  of  this  douhle  instrument  the  extension-  <-:»n  Ik* 
measure*!  with  ^vv\\i  certainty  and  pn-eision,  and  irnixidariti*^  in  the 
-trnctMrc  of  the  material,  c:uisin<x  one  si«le  of  the  sjHfimen  to  >trelch 
more  nipidly  than  the  other,  do  not  dimini>h  tlie  at^unicv  of  the  niea- 
.*<urement.-,  since  half  the  sum  of  the  «'xt«'nsion>  indi<-:ite<l  l»v  the  two 
MTews  in  always  the  true  extension  caus«'<|  l»y  the  ri'spi't'tive  l«Kid-.* 

The  machin*'  use<l  for  tests  of"  tnuisverx'  strejiirth  was  desi^neil  l>v 

*Tliis  iiiMninii'iit  U  ti>;(in' I  ami  iK-mtUh'^I  in  a  rv|>iirt  ••>  iho  r.S.  Ifamnt.  api- 
t(t  t«>>t  in>i),  !<t{vl  niiil  lUhcr  nu  taU,  in  :in  invi^ti)niti"<i  ii)  tlic  Mi>-iiai)i<.^l  l^il>': 
of  tfu'  Stovens  In-litulu  «if  To.lin«il<>Ry  :  "<>n  tho  Pntpi>rtio!*nf  ilu'ro|»|w>r-tin  Ai 
\V;f*hinpi<»n  :  <fovi'nuuem  I'rintinir  Offit-r.     isTs. 
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the  writer,  and  built  by   Messre.   Fairbanks  &  Co.,  of  St.  Jolins- 
l)urv,  Vt.     It  is  shown  in  Fig.  6. 

It  consists  of  a  Fairbanks  scale,  on  the  platform  of  which  rests  a 
heavy  cast  iron  beam,  C,  to  which  arc  fastened  the  supports,  DD,  at 
tlie  required  distances  apart.  The  pressure  is  applied  by  means  of  the 
hand-wheel  on  the  upper  end  of  the  screw,  K,  which  screw  passes- 
through  the  nut,  £,  and  terminates  in  the  sliding  cross-head,  /.  This, 
cross  head  serves  both  as  a  guide  and  as  a  pressure-block.  The  test- 
])iece,  L,  rests  upon  mandrels  mounted  upon  the  supports,  DD,  at  the 
recptired  distance  apart.     The  loads  are  weighed  in  the  usual  manner 

at  M. 

Fig.  0. 


Tlie  instrument  for  measuring  deflections  is  not  shown  in  the  cut ;  it 
cc)nsists  of  an  accurately  cut  micrometer  screw  of  steel,  having  a  pitch 
(»f  0'025  of  an  inch,  working  in  a  nut  of  the  same  material  mounted 
in  a  brass  frame.  This  instrument  is  supported  by  a  rod  of  consider- 
able rigidity  and  of  sufficient  length,  which  is  secured  to  the  beam,  C, 
close  to  the  tension  rods,  FF,  in  such  a  manner  that  the  micrometer  is- 
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directly  over  the  cross-hesid,  in  the  .same  verti<-al  phine  with  the  i»->i- 
jMCfv,  and  very  near  and  |)ar.ill(l  witli  the  axisof  the  hirjje  .s<Tew,  A'. 
The  nii«Tnmeter  s<rew  is  |)r<»vide<l  with  a  heiid  which  i.s  divide<l  int<»- 
250  equal  parts.  Thus,  a  rotary  motion  of  one  divit*ion  |»ro«luee>  an 
arlvan<c  in  tiie  direction  <»f  the  a.vis  of  the  micrometer  s<-rew  of  ()-0<HJl 
of  an  inch.  A  s<-:ile  divide«l  into  fortieths  of  an  inch  is  f;L-.ten«'«l  \.i.> 
the  frame  of  tlie  instrument,  in  <l<.se  jiroxiniity  to  the  he-ad  and  parallel 
to  the  axis  of  the  screw;  it  .serves  to  mark  the  starting'  point  and 
indicates  the  numln'r  of  revolutions  made  In  t.ikinLf  a  iii.a-iiniiieiit 
with  the  screw. 

To  insure  aerurate  rejulin^  of  the 
(leMeetioiis  the  principle  of  cle<'tri<-  con- 
tact is  also  eiMploved  here. 

The  capacity  <if  the  testing  machine 
is  7(MK)  jmhukU. 

The  testing  machines  u>e  1  f<>r  tor- 
sion-te.sts  in  the  Mechanical  Lalxjratorv 


li... 


of  the  Institute  are  two  .styles  of  "  All-  I 

tographic  Kecordiiiir  Testing  Machines,"  /I 

ilevised   hv  the  writ«'r.     Tln'V  had   pre-  /I 

viniislv    pr<Kluc<'<l    a   consideral>le   mass  /    ^^ 

of  records  which    ha\e  l»een,    in    part.    nBt\'  | 
present*^!  hy  the  writer,  with   int<'rpre-      ^^ '  \ 
tations,    t<»    the     Amcriiiin    .SK'iety    of 
Civil  KngiiKH-rs.* 

riie  machine  em|tloyed  in  the  earli«"r 
tests  is  shown   in    Fig.  7.       Two  >fntng 
wrenches,  <'K,  lll>,:\vi'  carried    1>\  the 
frames  .LI,    A' A' ,    an<l   depeml    from 
axes  which  are  Itoth   in  tlu'  siine   liii*-. 
hut  are  nut   eonneetfd  with  each  other.      The 
arm,    />,   i>f"   one  of  their  wreiji-hes  cjirrii.'s  a 
weight,  />,  at  it.x  lower  end.     The  other  arm 
C  is  dcsigne<l  to  ha  iiiovtHl   hy  hand  in  tl 
^mailer  ma<'hines,  and  hy  a  gear  and  pinion, 
or  a  worm  gear,  in  largiM'  forms  of  the  appa- 
ratus.     The  hea«ls  of  the  wnnches  are  niade 
as  shown  in  Fig.  8,  the  roce«s,  J/,  IxMng  fitt«l  to  take  the  head,  ou 
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the  end  of  the  test  pieces,  whicli  is  usually  given  the  form  shown  in 
Fig.  4. 

A  guide  curve,  F,  of  such  form  that  its  ordinates  are  precisely  pro- 
portional to  the  torsional  moments  exerted  by  the  weighted  arm,  BD, 
while  moving  up  an  arc,  to  which  the  corresponding  abscissas  of  the 
<'urve  are  proportional,  is  secured  to  the  frame,  AA'.  The  pencilholder 
is  carried  on  this  arm,  BD,  and  as  the  latter  is  forced  out  of  the  ver- 
tical position,  the  pencil  is  pushed  forward  by  the  guide  curve,  its 
movement  being  thus  made  proportionate  to  the  force  which,  transmit- 
ted through  the  test  piece,  i)roduces  deflection  of  the  weighted  arm. 
This  guide-line  is  a  curve  of  sines.  The  other  arm,  CE,  carries  the 
cylinder,  G,  upon  which  the  paper  receiving  the  record  is  clamped,  and 
the  pencil  makes  its  mark  on  the  table  thus  provided.  This  table 
having  a  motion,  relatively  to  the  ])encil,  which  is  precisely  the  angu- 
lar relative  motion  of  the  two  extremities  of  the  tested  specimen,  the 
<urve  described  upon  the  paper  is  always  of  such  form  that  the  ordi- 
nate of  any  point  measures  tlie  amount  of  the  distorting  force  at  a  cer- 
tain instant,  Avhile  its  ab.sci.ssa  measures  the  distortion  })roduced  at  the 
.same  instant. 

The  later  and  improved  form  of  machine,  as  now  built  and  used  in 
the  Mechanical  Laboratory  of  the  Institute,  is  shown  in  the  accompa- 
nying engraving,  Fig.  9. 

Tlie  frames.  A,  A',  are  bolted  to  a  heavy  bed-plate,  which  secures  the 
required  stability.  The  worm  wheel,  M,  engaging  with  the  worm,  L, 
has  been  substituted  for  the  arm,  CE ;  the  worm  is  set  in  motion  by 
means  of  the  crank,  L,  and  in  this  manner  a  very  slow  and  quite  uni- 
form motion  can  be  obtained.  Both  wrenches  are  provided  with  lathe- 
oentres  directly  opposite  each  other  and  in  the  common  axis  of  rotation. 
Tlie  specimen  to  be  tested  is  placed  upon  the  lathe  centres,  which  hold 
it  in  line  while  it  is  being  secured  in  the  jaws  of  the  wrenches  by  means 
><»f  steel  wedges  inserted  from  opposite  sides. 

Supposing  a  test  piece  to  be  placed  in  the  machine ;  the  operator 
turns  the  crank,  L,  with  a  uniform  velocity  which  gives  a  slow  and  a 
very  steady  motion  to  the  wrench  connected  with  the  worm  wheel, 
which  is  transmitted  through  the  test-piece  to  the  wrench  carrying  the 
weighted  arm.  The  latter  is  moved  by  the  force  transmitted  through 
the  test-piece  through  an  arc,  which  is  a  measure  of  the  resistance  to 
torsion  oifered  by  the  test-piece,  and  is  recorded  simultaneously  with 
the  angle  of  torsion  by  the  pencil,  as  explained  above. 
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The  drum  (iirrviiitr  the  record  >li«(t  is  nt"  muIi  ;i  <liamet<r  that  the 
circiiniferc'iu'C  is  ."ili  inches,  which,  when  dividtnl  into  tciitli>.  mikt-  .WV) 
divisions,  each  of  wliicli  is  representative  of  one  degre*-. 


Ki<i. ;». 


In  thi'  iiiachin<'s  einphtv*"*!  in  the  Mii-haniciil  I^lK»nit«»rv  of  th<- 
Stevens  Institnt<'  of  Te<'hnoh»^y  ea«h  iiuh  of  onlinato  tlenotes  HX> 
f«M»t-|>ounds  of  moment  to  have  Uvn  transmitt«'<l  through  the  te>t-|»itit?, 
and  each  inch  of  al)S<'issa  in<licat<s  10  de;;recs  of  torsion.  Tlie  friction 
ol'  the  machine  is  not  rt^'onhnl  hy  the  machine,  hut  is  a(hle<l  in  c:dcn- 
hitin^  the  results. 

Hy  mwins  of  tins  machine  the  metal  teste<l  is  comiH.'IkHl  to  tell  it- 
own  story,  antl  to  jjivea  {KTUianent  ix-conl  and  ^ra|>hie:il  re|»n.rs<ntation 
of  its  strength,  ehisticity  and  every  other  »|uality  which  is  l»ronj;ht  int<» 
play  during  its  test,  and  to  exhihit  its  characteristic  jHiuliarilic>. 

The  ma<hine  first  (lescriUsl  was  .seliH'tetl  for  use  in  this  re!si":ireh  and 
was  altennl  to  meet  the  sinn-ial  re<|uirements  of  the  t-.is<'.  Tlu"  lever 
arm,  even  without  the  weijjht.  irivin^  to«i  ^n-at  a  moment  of  resi>tan«v 
for  st)nie  sj>eeimen»  of  wihkI  of  the  usual  diameter,  a  counter|K>iso  w:»> 
arnui^^nl,  consistiuij  of  a  har  of  iron  U-nt  to  a  rectan«;ular  shajK'  and 
elampinl  to  the  lever  arm  helow  the  ^uide  curve,  of  such  a  size  that, 
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when  the  lever  arm  was  deflected,  it  would  not  interfere  with  the  guide 
•curve.  To  the  top  of  this  rectangle  was  fastened  a  vertical  iron  rod, 
to  which  was  attached  a  weight  by  means  of  a  set  screw,  so  arranged 
that  the  continuation  of  the  vertical  axis  of  the  lever  arm  should 
•coincide  with  the  vertical  axis  of  the  rod  and  weight. 

In  the  diagrams  produced  by  the  machine  thus  modified,  every  inch 
•of  ordinate  represents  1*058  ft.-lbs.  plus  the  friction  of  the  machine, 
which  in  this  case  is  equal  to  "52  ft.-lbs. ;  the  horizontal  scale  is  the 
•same  a,s  above,  /.  e.,  one  inch  of  abscissa  equals  10  degrees  of  twist. 

The  experiments  were  made,  as  stated,  in  the  Mechanical  Labor- 
atory of  the  Stevens  Institute  of  Technolop;v.  The  immediate  chary-e 
of  the  machines  and  the  observation  of  results  of  tests  was  entrusted 
to  Mr.  Frank  P.  Jones,  M.  E.  (Class  of  '78),  to  whose  care,  skill, 
industry  and  persistence  we  are  indebted  for  a  series  of  very  valuable 
determinations. 

The  results  were  tabulated  by  Mr.  Jones,  who,  under  the  direction 
of  tlie  writer,  also  prepared  a  series  of  curves  graphically  representing 
them.  The  whole  investigation  was  fully  described  in  a  graduating 
thesis.*  The  tables  here  given  are  usually  presented  with  little  or  no 
material  alteration  as  calculated  by  Mr.  Jones  in  his  thesis. 

The  terms  used  may  be  thus  defined  cf 

The  Modulus  of  Rupture  for  Tension  is  the  force  necessary  to  pull 
asunder  a  bar  whose  section  is  one  square  incli  wlien  acting  in  the 
direction  of  the  axis  of  the  bar. 

The  Modulus  of  Rupture  for  Compression  is  the  pressure  necessary 
to  crush  a  piece  of  any  material  whose  section  is  unity  and  whose 
Jength  does  not  exceed  from  one  to  five  times  its  diameter. 

The  Modulus  of  Rupture  for  Transverse  Stress  is  the  strain  at  the 
instant  of  rupture  upon  a  unit  of  the  section  which  is  most  remote 
from  the  neutral  axis  on  the  side  which  first  ruptures. 

The  Modulus  of  Torsion  is  the  ultimate  resistance  to  torsion  of  a 
unit  of  the  transverse  section  mo.st  remote  from  the  axis  of  torsion. 

Tiie  jNIodulus  of  Elasticity  is  a  value  which  expresses  the  relation 

*" Strength  of  Woods  used  in  Engineering."  By  Frank  P.  Jones,  M.  E,  '78. 
MSS;  small  4to;  pp.  75;  folding  plates  xvii.  Library  Stevens  Institute  of  Technol- 
ogy.    1878. 

t  See  Woods'  "  Resistance  of  Materials,"  and  "  Report,"  by  tlie  writer,  *'  on  Cold-rolled 
Iron  and  Steel."  Pamphlet,  Pittsburgh,  1878.  And  also  "  Report  on  the  Copper 
Tin  Alloys."     Washington:  Government  Print.     1879. 


Oct.,  1879.] 


Streiif/ih  of  Americfin  Timber 


•231 


Ix'twccn  the  extension,  (•(»iii|)ns>i<(ii  or  oiIm  r  dclorniation  of  ;i  har  ami 
tlie  force  wliieli  ))r<Kliiee.s  the  delorination. 

Resilience  is  a  ni«isiire  of  the  ca|)a<rity  of  a  material  to  resist  shfx-k, 
and  its  value  i.s  e<|nal  to  the  amount  of  energy  exj)en«lf<l,  <.r  the  '*  work  " 
j)erformed  in  j>r(Mliicin<:  distorti«tn  or  rupture. 

The  tension-test.s  gave  the  lollowing  re.sidt.s  : 

RESULTS  OF  TusTs  \\\  Tknsion. 


AVIiiti-  Tine, 
Yollnw  Pino, 
I><>oiist, 
Bla.k  Walnut 
AVhitc  Ash, 
AVhitf  ()jj{, 
Live  <  fctk. 


1 

•1 

iln". 

in. 

•527 

•582 

•n'1'1 

"i.T) 

•544! 

•4H1 

•4!>7 

><f 
ltii|iturp. 

6K77-5 
L'(l7(f'_' 

!»7.S(i-4 
154{M)5 


M. 


i.r  ..f 

I'r<)<.f.'<triM«    Klojitiiity. 


'.v.m) 

l.T_'(Mt 
I'.IJIM) 

.")7(MI 
i»7<MM» 

SliM) 


1834.S0-2 
L'4M240L' 
;i7.ls,',l-7 
•l\:\.wi:v\ 
i,'<Mm4o-4 
2"2<H;^n!» 
l!475a-)2 


Ki>ii 
L'ltlniiile. 

24I57-5 
l!  1457(1 
.•ill7(H 

4<ti!2-.' 

ll.'«i!«5( 

7."><MI( 

r)h.s7-' 


ir>'  i:. 

KIwiiii-. 

720-() 
:«»4nn 

I07i»2  5 

.•iH55-n 
a02l!5 
lilti7-5 


T«l«l. 

In. 
•735 

l-<rto 
rs.")<t 

•s.V» 
1-475 
1 :{(«» 
ll.".n 


I  Al  .-liui- 
lir  liniil 

i      in. 
■44MI 
•»Sli') 

Mini 
■5i!."> 
■77-> 
.77U 
•575 


In  calciilating  the  results  ot"  tension-tests,  as  |»re.-<ented  in  the  taltlc. 
the  litsl/iiiK-r  was  obtained,  as  in  all  other  e:ises,  l»v  first  jdotting  the 
results  of  tot  an<l  olitainintr  a  curve  of"  which  the  ordinate^  in«Lsiire 
loa<ls  and  the  ahscissis  the  corrcsj>ondiuj;  stret<"h  (»r  other  form  of  dis- 
tortion, then  meiLsuring  the  total  are^i  of  the  curve  to  ohtain  a  me:i.-ure 
of  total  resilience,  or  slux-k-resisting  power,  and  l>y  takinjjf  the  area 
within  the  ordinate  at  the  clastic  limit  jls  the  mrasure  ot"  the  clastii 
resilience.* 

The  3foili(/u.s  of  J\iij)(iirr  is  mcasurnl  l»y  I!  =        ;  in  whirji  /'i>  the 

K 

load  |>ro<lucin<r  ru|>ture,  A'  is  zr,  the  se<'tional  area  at  th«' jwiint  of  Irar- 

ture,  and  ii  is  the  modidus. 

27i€  Modulus  of  Proof  Stress  is  similarly  obtained,  taking  for  7'  the 

lojid  |>ro(lucing  ju'ruiamnt  di-tortion,  as  measure<l  at  the  el;isti«'  limit. 

...,7V 
The  Moihi/iis  of  ElaMieiiii   is    K  =  ;   in  which   its  nu-.u-iun'.  A'. 

is  obtained  in  terms  of:    /',  which  is  the  load  at  the  chustic  limit  ;  /  i> 
the  length  of  the  part  >trctch«'<l,  /.  ».,  of  the  "neck"  of  the  test-picii' ; 

*Tlic  n-silii-nto,  :ls  usually  tU-tincil,  is  rl<t*tic  rt-.il i«-n(\>.  It  sliouM  In-  t".in>fully  lii^- 
tin^uislu><l  from  futal  n-silifiuv.  Tlie  <>ni>  is  )tr<i|M>rtional  t<>  tlu*  trorl,  or  ihc  rw  rira. 
re«iuiri><l  to  i>r«>«lii<r  |H*nuant.>nt  ili>lorlioiis ;  the  other  niejtsiirvs  that  requirwl  to  pr<>- 
<luee  fnioturt>. 
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//  is  the  extension  at  the  elastic  limit,  and  K  is  r>'^,  the  area  of  cross- 
section  at  the  jjart  fractnred.  The  position  of  the  "  elastic  limit,"  so 
called,,  is  necessarily  assumed,  since,  as  is  seen  by  examination  of  the 
strain-diagrams,  which  graphically  represent  the  results  of  these  experi- 
ments, there  is  no  definite  elastic  limit,  the  woods,  as  was  shown  by 
Hodgkinson  to  be  the  case  with  cast  iron,  having  no  true  elastic  limit  • 
but  take  a  set  with  any  load  however  small.  The  point  assumed  is 
indicated  in  each  case.  It  may  be  considered  by  many  that  a  more 
strictly  accurate  measure  would  be  obtained  by  deducing  it  from  the 
direction  taken  by  a  tangent  to  the  strain-diagram  line  at  its  origin. 
Either  method  will  answer  every  practical  purpo.se. 

The  calculations  relating  to  compression  were  similarly  made,  assum- 
ing that  the  laws  affecting  wood  under  compression  are  the  same  as 
those  acting  when  it  is  broken  by  tension — a  practically  correct  assump- 
tion where  the  test  pieces,  as  in  this  case,  are  crushed  without  lateral 
flexure. 

The  results  of  test  by  compression  are  presented  in  the  fol- 
lowing table : 

Results  op  Tests  by  Compression. 


i                 Modulus 
lid                 „f 

Modulus 

of 

ProofStre.ss 

Modulus              n 

Resilience. 

COMPRE.SSIO.\. 

Pr.ct.  of  length 

in. 
2-2.5 

Rupture. 

Elasticity.     Ultimate. 

Elastic. 

Total. 
3-498 

At  elas* 
tie  limit 

White  Pine, 

l-n7     9.592-6 

5600 

6.521-8    19.542-6 

3.534-3 

1-.584 

Yellow  Pine, 

2-25 

1-102   119.52-8 

7000 

8576-9    16576-.56 

4107-18 

2-906 

1-485 

Locust, 

2-2.5 

1-073    14818-9 

9800 

8713-8    26.551-14 

5761-14 

3-300 

1-617 

Black  Walnut 

2-25 

1-112     7001-7 

5700 

21060-5      .5382-6 

1.561 -.56 

1-254 

-528 

White  Ash, 

2-2.5 

1-104     8148-3 

5180 

17810-0    12788-16 

1898-82  2-310 

-726 

White  Oak, 

2-25 

1-117      7143-5 

5600 

8029-0    1.5868-8 

3940-8()  3-300 

1-.551 

Live  Oak, 

2-2.5 

1-117   10409-2 

6300 

14910-5    23150-82 

3100-02,3-366 

i     . 

1-0.56 

The  tests  by  Transverse  Stress  gave  results  which  are  exhibited 

I — pt 

in  the  succeeding  table.   Here  the  modulus  of  rupture  is  i?  =  -^j  f  — r^/ 

in  which  expression  F=  load  producing  rupture;  /=  the  length  of  the 
test-piece  between  supports ;  b  =  its  breadth ;  d  =  its  depth ;  all 
measures  are  in  inches,  and  loads  In  pounds. 

In  determining  the  Modulus  of  Proof  Stress  the  same  expression  is 
used,  taking  for  P,  however,  the  proof  load,  or  the  load  at  the  real  or 
a.ssumed  elastic  limit. 

The  Elastic  and  the  Ultimate  Resiliences  here  given  are  the  number  of 
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foot-|K minis  of    work   dune   in   .>tniiMin^  the  .-«|M'<iimii>    lot*-*!  i<>  ili*- 

eht-tic  limit  and  to  tin*  |)oint  of  nipHin-  n-siKM-tivclv^and  may  U-  lakiMi 

as  approximate'  nuitsunis  of  the  slicM-k-n-sLstiii^  |M»\vc'r  of  the  material. 

The  M«Mlnlns  of  KliLsti<ity,  <ir  tin-  nlation  of  the  amount  of  di>t«»r- 

tion    to    the    load    pro«lu<in^    it    is    d«t«'rmiiied     hy    thf    ••.\|»res.-<ion : 

/  'P 
/<;  =   .    .  in  wliidi  y  i>  tli<-  load  corresiMttidinir  to   a  d«'ri«Htion.  J, 

48J/ 
midwav  iH'twe^n  >ii|»|»oits  ;  /is  tin'  Icn^rth  from  >np|M»rt  to  -.iip|M»rt  ;    J 
is  the  amount   of  detlection,  and   /the   moment    of  inertia;   for   tlu-^*- 

r«'<'tJUiLrnlar  ~<Mtiiiii-..  /  =r  — . 
^  12 

KE.SLLTb   i)V   TE8TS    BV    TrANSVERsK   StKFX*-. 


MutliiluN        Mu>liiliw 

w.xu.  1    i>    a         of  ..r 

j  I  Hiipturr.     I'piKifStr** 


la.  In.  In. 

White  Pine,  .54  3  3  oUsO 

Yrllnw  I'ine.  '>4  3  3  l't74<t 

lAtcmt,  rA  3  3  VMisi) 

HIatk  Walmil,  .>i  3  3  744(» 

White  .\.Hh.  .VI  3  3  !»7L'<) 

White  <hik,  o4  3  3  '  »h4<» 

Live  Oak,  .>4  3  .{  112X0 


Rmuvtrit. 


MimIuIu* 

of  

KlMUrllT.      I'lHOMto.    ElMtk.     I'ltiDUt'^ 


lir  Uniit 


ll.'7l.tt  :  .r>.{47l.'7  4174-4  Jl.'«>-«  iMMi  M 

H4nn  I  umiWl.-)  4.S43L'  VJnU-2  l'-7n  H'2 

.VS44I  I  HM4<NH»  !«71«)  4:«-2  l^  -jO 

»;;{(«»  Kisnnnn  .Vis:{  \2\'2*i  i'-.">u  l-.'>n 

7iiiNt  l(;i"uuun  :i<WMi-s  ii.'ir7-2  \''H  .«*» 

tM»4u  l,s514:is  4*i<tr»)  U^iL'J  i:-  •» 


Ttxrs  UY  ToRsio.N  were  madr  in  the  Autographir  Ma<'hine.  m«Hli- 
fied  i\ti  already  de-serilK-^l. 

Khtsticitv  is  measure*!  l»v  K  =     ,  in  \\lii<-li  /•  i-^   tlie    iiKa-iin-  >>t    tlir 

It 

ri'j-oil  on  removal  of  the  lo:id,  and  A  the  meitsure  of  the  .stnrss   on   tiie 

diaj^ram  taken  from  l»a.<e-line. 

Stitf'neKs  is  me:tsure«l  hv  tS  ^  — ,  in  which  o   measures   tlie  aiigle  of 

o 

toi>iou   to  the   j>oint   eonsidere<l  (within    the  ehistie   limit),  and  )ii  the 

value  of  the  e<trri'sponding  onlinate. 

llie  M<Mlulns  is  ohtainnl   l>v  the  exnn's^sion   K  ■=  —    ,  in  whieh   m 

and  o   have   the   values   jussi^iutl   ahove ;  /==  len^jth  of  mi-k  of  t«~.t- 
pieiv,  and  h  =  its  diameter. 

The  Resilii'iut's,  elastie  ami  ultimate,  come  from  the  expn>ssions  c^ 

a  —   +    F — .and  A' =   A     -    -\-    E — ,  in  whieh   <i    is    the   area   of 
R  H  R  R 


Wuoi^  No.  Vol.  CVIII.— ',TinRi>  Sebibp,  Vol.  Iixviii.) 
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curve  to  the  elastic  limit ;  A  Ls  its  total  area ;  I  =  length  of  abscissa ; 
M  =  radius  of  the  drum  carrying  the  sheet ;  ?n  =  foot-pounds  per 
square  inch  of  area  of  curve. 

Results  of  Tests  by  Torsiox. 


Wood. 

1 

d 

Resilience. 

Elasticity. 

Stiffness. 

Elastic 
Modulus  of 
Resistance 

Ultimate. 

Elastic. 

to  Torsion. 

in. 

in, 

White  Pine, 

•780 

5-10 

•235 

•443 

1^534 

Yellow  Pine,  . 

•760 

12-42-5 

•238           

1-744. 

6^878 

Locust,    . 

I 

•656    14^067 

•178 

1-720 

14-159 

Black  "Walnut. 

•785      7-396 

•238          

1-088 

3-650 

AVhite  Ash, 

•762      7-381 

•560          

•598 

2-328 

White  Oak,   . 

•780    12-777 

•396           

•911 

3-155 

Live  Oak, 

^ 

.656    14-570 

•631           

•474 

3-902 

Comparing  authorities  on  the  strength  of  woods,  it  will  be  found 
that  the  results  here  recorded  usually  differ  from  those  obtained  by 
earlier  experimenters,  and  that  these  figures  are  almost  invariably 
higher  than  those  of  Barlow,  Tredgold  or  Laslett,  a  fact  probably 
attributable  to  the  very  uniform  excellence  in  quality  of  the  specimens 
tested,  although  it  is  possible  that  they  may  prove  superiority  of  the 
American  to  the  European  timber. 

The  American  timber,  as  here  tested,  gives  figures  in  tension  from 
one-eighth  to  one -fourth  higher  than  the  European  woods  rei)orted  on 
by  Barlow  or  Tredgold,  with  the  exception  of  ash.  Tredgold's  figures 
for  American  woods  are,  however,  lower  than  those  here  presented, 
which  is  evidence  of  a  difference  in  quality  of  test-pieces  rather  than 
of  differences  in  the  varieties  of  timber.  The  tables  of  resistance  of 
timber  given  in  Wood's  "  Resist^ince  of  Materials  "  accord  more  closely 
with  those  here  obtained  than  do  those  given  frequently  elsewhere ; 
they  are,  however,  usually  lower  than  these. 

Comparing  the  results  of  torsional  tests  with  those  previously 
obtained  by  the  writer,*  by  a  similar  method,  they  were  found  sub- 
stantially to  agree.  The  later  experiments  of  Mr.  Jones  do  not 
exhibit  the  peculiar  phenomenon  of  a  depression  and  subsequent  re-ele- 
vation of  the  curve  of  the  strain  diagram  which  is  exhibited  in  some 
cases  in  the  earlier  records.     This  may  be  due  to  the  more  complete 

■*"  On  the  iStrength,  Elasticity,  Ductility  and  Resilience  of  Materials  of  Machine 
Construction,  etc."  Trans.  Amer.  Soc.  of  C.  E.,  Journal  of  the  Franklin 
Institute,  1874. 
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M.-.t"-oiiinj.'  of  tin-  ti-st  |>ic<'<'s  la>t  u.sf<l,  or  to  tli«'  :u-tioii  of  tlie  nKulitii-il 
inacliinc,  whidi  wa«  less  f'rn*  from  frirtion.aiid  tlicnftirc  s^miewliat  Us*- 
sciiHitive  than  was  that  first  as*-*]  hy  the  writer. 

In  all  awiti  the  test-|)ie<fs  heredes^-rilMid  were  prcjiare*!  fn>rn  seh't'tetl 
w«mhI,  >.tnii^ht-^niinc<l,  fVi'e  from  knots  or  other  [xTr'^'ivahh- <h*fe<t,  and 
may  prohalWy  \h-  coiisicirn-*!  as  re|)res4-ntative  of  the  ln-st  (|uality  ot' 
Ameri<'5ui  timl»er,  with  the  exception  «»r  tlie  H|)ci>inien  of  pine  aln-xulv 
meiitioiic<l.  Thev  were  im-jt'^nntl,  when  hnuijrlit  to  hizc,  hv  cailiix'p.. 
reading' to  jo^^^jth  inch. 

Kesnits  were  carefully  corre<*te<l  for  the  lo<-:il  cnishinj:  of  th«-  wihkI 
at  |H»ints  of  conta<'t  with  the  machine. 

T/ir  rhardHrrlsticM  of  the  several  wixxls  are  Ix-st  shown  hv  the 
anto^niphic"  strain  dia^nims,  of  whi<'h  two  wtri  an*  ^iven.  The  one 
jriviii;:  the  line  of  nn-oil  when  the  huul  wa><  r»'move<l  at  the  elasti<'  limit. 
the  other  exhihitinj;  the  fidl  <*tirve  up  to  the  jK>int  of  final  rupture. 
The  area*^  of  these  curvi-s  were  m<'a<un><|  verv  carcfullv  l»v  ,Mr.  Jon*^. 
usini:  an  excellent  planimeter  n-ajiinj^  to  y^]^th  wjuaro  in<-h. 

The  n-sults  rc<-ord«Hl  in  this  pajwr  an*  thos<>ohtain«"*|  from  flu-  <t;ind- 
ard  set  of  test-pie<rs.  Kc|X'at<*<l  ex|M'riments  on  t<-;t-piec»-  from  thf 
same  timl>er  gave  sul)*^ntially  the  sjinie  rcsult«. 

American  timlx-r  ha<  a  value,  in  r'<»nstruction,  etpial,  if  n«»t  d«iid 
^-^lly  >«u|H'ri(»r  t»i,  Kuroix-an  timln'r. 

The  stnMijrth  of  Amerimn  timU'r,  as  given  hv  •nirlier  authorities,  i> 
]»rol»al>ly  that  of  average  siM-f-imens,  and  timlnT  mav  Ix-  ol»tain«>«l  hv 
^-.ireful  insjKHtion  of  verv  much  pn^ater  value. 

rimher  yields,  under  all  forms  of  stnss,  to  an  extent  which  mav  U- 
taken,  as  with  cast  iron,  to  L-  pro|Mtrtional  to  the  hwd. 

From  what  isalM)ve  stat*-*!,  and  fnun  a  stu«lv  of  the  >tr.iin  di:ii:ram>. 
it  UKiy  l>e  concludetl  that  the  stpMi^'th  of  tiniU'r  is  so  variahlc  tliat  the 
«)nly  safe  c<mrs<'  in  constnulion  is  to  a.sHunie  the  high^-st  vahu^,  deter- 
mine<l  hy  the  most  uniform  series  t»f  tests  of  the  mati'rial  pniiMw**^!  to 
Ik-  use<l,  and  tlu'U  to  atlopt  a  high  factor  of  sifetv. 

The  tahl(>s  alM)v»'  given  may  prol>al)lv  U'  taken  to  n-pri^^Mit  the  pn>- 
hahh'  values  of  resistamv  of  the  In-st  sele»*te<l  wtnuls,  su<'h  ju"  an*  |ia-wi'<l 
hv  in-ijHH-tor^  for  uav.il  pur|>«>ses. 
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THE  FUTURE  AVATER  SUPPLY  OF  THE  CITY  OF 
PHILADELPHIA.* 


By  James  F.  Smith,  C  E. 


So  mucli  has  been  said  and  written  on  the  subject  of  the  water  sup- 
ply of  Philadelphia  that  one  may  well  feel  a  delicacy  in  making  any 
further  reference  to  it.  The  writer  has,  however,  devoted  some  leisure 
time  and  study  to  its  consideration,  and,  in  common  with  others^  appre- 
ciates the  great  importance  to  the  city  of  Philadelphia  of  a  never- 
failing  and  abundant  supply  of  pure  and  wholesome  water. 

In  the  year  1875,  when  the  Commission  of  Engineers  liud  under 
consideration  the  water  supply  of  the  city,  the  writer  made  certain 
suggestions,  namely :  First,  the  creation  of  a  system  of  storage  dams 
in  the  Schuylkill,  where  the  river  was  not  already  occupied  by  the 
Schuylkill  Navigation  Company's  works,  and  the  use  of  several  dams 
of  the  up|)er  navigation,  and  the  reservoirs  now  existing  or  to  be 
creatal  in  the  valley  of  Tumbling  Run,  near  Pottsville ;  second,  util- 
izing more  fully  the  water-power  at  Fairmount  and  at  Flat  Rock 
dams,  by  raising  these  dams  and  increasing  the  volume  of  water  from 
the  stomge  dams  when  required ;  third,  the  building  of  an  aqueduct 
to  lead  the  water  from  the  Flat  Rock  dam  to  the  pumping  stations  at 
Spring  Garden,  Belmont  and  Fairmount,  so  that  pure  water  might  be 
supplied  free  from  the  contaminations  and  impurities  of  the  Fairmount 
pool. 

These  plans  were  adapted  to  the  wants  of  the  existing  water  supply 
from  the  Schuylkill,  and  to  the  increase  and  improvement  of  the  same. 
This  supply  is  dependent  upon  steam-pumps  with  high  lifts  and  inade- 
quate water-power.  Coupled  with  these  disadvantages  is  the  liability 
to  breakage  and  derangement  of  pumps  and  power ;  whereas  the  peo- 
ple of  a  great  city  with  dependent  manufacturing  establishments  need 
a  constant,  reliable  and  ample  supply  of  water  of  a  purity  that  may 
not  be  questioned.  Purity  of  supply  can  only  be  had  by  a  resort  to- 
streams  of  water  originating  in  the  hills  or  ridges  where  the  popula- 
tion is  sparse  and  the  country  not  extensively  under  cultivation.     For 

*  A  portion  of  this  article  appeared  in  the  North  American.. 
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I*liila(l(l|»liia,  flu-  l*"il<i<)ii»rii  cpM-k  :iii<l  its  tril>utari<^s,  rUinjr  in  tin- 
-ijiiirs  aiitl  ridges  of"  tlic  Smitli  iiioiintain  in  li<'rk>  <'ounty,  and  in  tlu* 
^•h'vati'd  water-slu'd.s  of  Hui-k.s  ronntv,  nii<l\vay  Ijetwwn  the  Delaware 
and  the  Schnvlkill,  i.s  the  fMiun**?  from  whi«h  the  water  niiu<t  <^tine, 
jind  jrravity  the  nunle  ui'  itH  (•f)nveyan<'e. 

The  citizens  of  I'hihidelphia  have  l>e<'n  nia<h.'  s<>in<what  familiar 
\\'ith  th<'  (jnestion  of  a  ^nivitv  snj»|tlv  from  tlie  l*erki<»mfn  hy  the 
•(■nnsiihratioii  of  .Mr.  liirkinhine'.s  phm  jls  ^iven  in  thf  "  Ke|K>rt  of  th*- 
<'(»mmission  <»f  Kn^ineers"  in  lH7o,  and  in  his  rf|Mirt.-  and  |»a|>erN  on 
the  snltject. 

Thr  jilaii  |»ro|»ose<l  hy  Mr.  Birkinhine  for  an  im|M)undin^  rt>?rvoir 
is,  intU'inl,  favorahh'  for  the  ereiitif»n  of  a  hir^c  hike,  hv  the  en^'tioii  of 
31  (him  s<'venty  or  seventy-five  feet  in  height,  e.xn'pt  in  on<*  partieuhir, 
namely,  the  ^reat  len;;th  of  the  mound  dam  that  wouhl  Ik*  n-<|nire«l. 
The  Commission  of  Kn^ineers  re^nknl  this  pnywt  with  eonsideralde 
fav(»r,  and  ^ive  credit,  not  im|>ro|K'rlv,  to  Mr.  Birkinhine  for  hi>  fon-- 
.sij;ht  in  snj^p'stin^  it.  But  at  the  site  seh-^'ted  the  water  snrfa*-*- of  the 
])ro|)os<Hl  hike  would  Im-  too  low  for  the  citv,  oxe<*pt  for  the  -upjilv  of 
the  Kast  Park  Reservoir  and  the  Ictsins  helow  its  h>ve|.  nam«'lv. 
iNhuylkill,  Corinthian  avenue,  Delaware  and  Fairmoiint ;  and  from 
what  has  iu'cn  siid  hy  the  Commi.ssion,  it  will  Ik*  ol)servc<l  that  tin- 
<>onduit  from  this  lake  was  not  de?<ij;ned  t4>  deliver  watir  into  a  re«TMV- 
in^  hasin  in  the  city  at  a  j;n'ater  elevation  than  I'S'i  feet  alntve  cit\ 
<latuMi.  This  is  manifV'st  from  what  they  sjiy,  naniely,  "  that  thonui^h 
and  <'areful  surveys  shoidd  !•<•  made  of  the  l(N-:Uion  of  the  line  of  c«»n- 
<luit  from  the  Perkiomeu  dam  to  the  I'^ast  Bark   K«'S4'rvoir." 

This  deficiency  in  elevation,  it  must  1m'  admitteii,  i>  fatal  to  Mr. 
Birkinhinc's  Imnition,  as  it  would  not  l)e  wi.se  to  hiiild  an  ai|ue<hict 
line  to  hriu'j:  in  the  wat«'r  of  the  Berkiomen,  only  to  «leliver  it  into 
the  Ivist  Bark  !{cserv»>ir,  at  an  elevation  t«M»  l<»w  to  su}){>l\  lielniont. 
Fninkford.  oi  the  pro|>ostHi  Camhriu  JKLsins.  The  Mirfatx-s  »»f  the  two 
former  of  tlu'se  an;  res|HH'tively  L'12  and  B)H-4()  ftvt  almve  eitv  «hituin, 
or  217*."{S  and  17.'J*7M  feet  al>ove  mean  tide,  IVlawan-  river,  and  the 
projxtseil  ( 'and)ria  hasin  alMuit  170  f'eet  aln^ve  eitv  datum. 

My  att«uti<>n  has  hut  lately  l)ocn  (^lleil  to  an  article  «»n  the  suhjeit 
of  a  <:ravity  supply  from  the  Berkiomen,  hy  ('has.  (i.  I>arnich,  C.  K.* 

.Mr.  Darrach    projM»s<'s,  inst«'atl  of  Mr.  Birkinhiiie's   lake,  an   intcr- 

•'*  I\ocfrdiiui*  ../■  thr  /'i,,;!!,^.-,/  MmA  ../  }*hihtdflpKia,  Vol.  1,  No,  3,  jx  162. 
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cepting  canal  around  the  valley,  the  supply  for  which  is  proposed  to 
be  taken  from  impounding  dams  to  be  erected  on  the  main  stream  and 
its  branches.  This  plan  is  ingenious  and  an  improvement  on  that  of 
Mr.  Birkinbine  in  several  particulars,  namely,  increased  elevation,  a 
delivery  into  the  receiving  basin  of  the  city  at  an  elevation  of  170 
feet  instead  of  133,  and  saving  from  destruction  the  Perkiomen  rail- 
road and  the  improvements  in  the  valley  which  would  be  submerged 
by  the  lake. 

Among  the  objections  to  the  plan  is  still  the  want  of  elevation.  A 
gravity  supply  to  meet  the  future  wants  of  the  city  of  Philadelphia 
should  deliver  the  water  into  the  receiving  basin  at  a  much  higher 
elevation  than  170  feet  of  city  datum,  in  view  of  the  certain  future 
extension  of  improvements  and  spreading  of  population  over  those 
parts  of  the  city  which  are  now  suburban. 

The  plan  for  a  gmvity  supply  by  aqueduct  from  Perkiomen,  which 
I  now  propose,  meets  the  objection  of  the  want  of  height  of  Mr. 
Birkinbine's  location.  It  will  not  require  any  alteration  in  the  line  of 
the  Perkiomen  Railroad,  which  would  be  necessary  should  a  dam  be 
erected  near  Schwenksville,  and  a  large  amount  of  valuable  property 
in  the  valley  of  the  main  stream  between  that  point  and  Green  I><ane 
would  be  saved  from  destruction. 

The  Locatiox. 

On  the  main  stream  of  the  Perkiomen,  a  few  hundred  yards  above 
the  Green  Lane  station  of  the  Perkiomen  Railroad  in  Montgomery 
county,  eighteen  miles  above  the  moutii  of  the  creek,  there  is  an. 
admirable  site  for  a  dam,  at  a  point  where  the  stream  has  broken 
through  a  ridge  of  hard  rock,  leaving  a  gap  of  little  more  than  three 
hundred  feet  across  w4th  precipitous  sides  and  solid  foundations,  just 
adapted  to  the  erection  of  a  safe  and  durable  structure.  At  this  place 
the  dam  may  be  90  to  100  feet  high,  backing  the  water  several  miles 
into  a  valley,  with  favorable  slopes  bounded  by  hills  and  ridges. 

From  this  dam  I  propose  to  carry  the  water  by  an  aqueduct  into 
the  city,  and  the  aqueduct  would  be  so  located  as  to  command  from  45 
to  50  feet  in  depth  of  the  storage  water  of  the  dam. 

The  Course  of  the  Aqueduct  Line — its  Length,  Terminal 
Basin  and  Elevation. 

The  route  mav  be  tlius  described  :  Commencing;  at  the  storage  dam. 
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or  laki  ,  ami  <n>s.sin^  tln'  Perkiomcn  KailnKul  at  a  -utficient  elevation 
ab<»V('  it,  tlic  a<|ii<-<|ii(f  |)iir>ii<*>  a  <'<>iii>m-  m-arlv  -itnii<^lit  to  tin-  IMyiiiotitli 
N'alley,  piLHsiiij^  a  litrlr  west  of  tin-  tlivi«lin;r  jrrouml  U.-twi-t'ii  tho  waters 
of  tlif  WiMKjiliirkoii  ami  riyiiiouth  <T»H'k.  alw^ut  twenty  miles  (nnu  the 
-tiirtiii^r  point  at  (iru«n  Ijiiir. 

AdvaiH'in^;  troiii  this  |M»int,  ath-r  rro>.^iiiir  the  Plvnioiith  Kailroa*!, 
tii<'  liiM'  reaclM-s  liarn-n  hill  and  pitsses  throii;;h  it  into  th«*  \Viss:ihi«'kon 
vallry  ;  thenc<>  down  that  valley  on  the  (^astern  sIo|m'  of  the  ri«l>^% 
<Tos-<ini;  the  stn-aiu,  M<»t  far  from  Hermit's  lane,  to  the  hijxh  j^roiiiul  in 
the  vieiiiity,  where  a  tlistrilmtin^  rert«'rvoir,  of  very  minlenit*-  «lim«ii- 
■-ions,  ill  eonneetioii  with  the  several  existing;  Intsins  (»f  the  water-works 
an*I  the  K;t><t  Park  KerM-rvitir  when  eom|»Iete«l,  woiihl  xiirtiM',  ami  fiir- 
ni>h  a  stoi-:i;;e  eapaeity  of  nearly  one  hillion  of  jpillon>.  The  length 
of  tilt-  projKjsed  afjuediiet  line  is  ul>out  '21h  mik-s,  and  the  hK':ition  sneh 
that  the  water  may  Ix-  delivered  into  a  n'lvivin^  reservoir,  the  surfacv 
•  it'  whieh  mit^lit  Ik;  2  40  feet  ahove  city  datnm,  with  a  fnv  deliv«rv  t'nuii 
the  a<iuediiet  its<'lf,  the  water  snrfaee  of  which  when  running  in  its  tull 
e;ipa<'ity  would  !>••  marly  li  J!t  fe«l  ahovr  eitv  datiiiii.or  *J<'>4  feet  alxjve 
mean  tide  I)elaware  river. 

It  m  ly  1)  •  stite  1  here  in  n-'jard  to  the  line  of  tin-  eondiiit,  that 
whilst  mnif  «»f  the  valley^  to  U*  erosseil  will  re«mire  loiijr  mid  elevate*! 
struct  lire-;  of  m  i-.i>iiry,  tlerc  will  Im'  several  tunnel-;,  mo-tiv  throM;rh 
smdstoiie.  lielow  Barren  Hill  the  work  will  eno»nnter  mainly  ^mis> 
PK'k.  This  fejiture  is  ilecined  t'avonihle,  as  tnnnelin^  at  the  pre^^-nt 
time,  owin^  to  improved  meth<M|s  and  explosives,  din  U-  done  with 
>ncli  j;reat  tiuility  that  in  most  ea-ics  the  expense  will  Ik*  les<  than  for 
an  aijiiediiet  of  masonry,  and  e-.pi'cially  s  i  where  the  nn'k  t'lH'onntenvl 
i->  loiind  to  lie  of  a  character  to  jnstifv  the  oinis'^ion  of  interior  hriek 
lining. 

Tniiu'TvuiKs  OF  Tin:  I*krki<»mka"  Intkih  kitkp. 

Ill  the  fii->it  10^  mile-<  a  nuinlKT  »>f  important  •^tre-am*  are  pa^-<«xl. 
Thneof  them  an-  main  branehe- of  the  IVrkiomen,  and  thn-e  atHnent-* 
i»f  these  hr.mehe-*.  They  tiriifinite  ehieHy  in  the  hilU  dividing  the 
waters  of  the  Delawaiv  from  the  S'hnylkill  in  Montpmury  and  Hu<>k.H 
counties,  more  than  .")(M>  t\Ht  ai>ove  ti«le.  and  «xtn'melv  favoralde  for 
maximum  preiMpitation.  It  i-  |K»rt  of  the  plan  that  thcM-  ^tre-am-  -hall 
Ik-  made  trihntary  to  the  water  -supply  hy  the  ervi'tion  of  im|M>iu)dini; 
tlaiii-  or  -mall  lake-  upon  them,  with  dam- of  the  heights  and  e:i|KUMtv 
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suited  to  their  drainage  areas  and  the  quantity  of  water  required  to  be 
stored.  Tlie  cost  for  all  of  them  ^A'ill  not,  it  it  is  believed,  be  more 
than  for  the  dam,  and  the  land  and  improvements  that  would  be  sub- 
merged and  destroyed  by  the  lake  at  Schwenksville  and  the  reconstruc- 
tion of  ten  miles  of  railroad  would  be  saved.  At  first  the  construc- 
tion will  be  limited  to  the  works  at  Green  Lane  and  the  aqueduct  line 
to  the  city,  leaving  the  improvement  of  the  tributary  streams  to  be 
undertaken  one  by  one,  in  the  future,  as  the  increase  in  population  of 
tlie  city  may  demand  more  water  for  consumption. 

Capacity  of  the  Peekiomen  Water  Shed. 

The  water  shed  of  the  Perkiomeu  above  Green  Lane  station  is  about 
seventy-three  square  miles,  and  with  the  tributary  streams  crossed  by 
the  aqueduct  line  added  there  is  not  less  than  200  square  miles.  If 
59  per  cent,  of  the  annual  rainfall  of  47*82  inches  be  taken  as  collect- 
able (being  one-fifth  greater  than  that  of  the  year  1858  at  Philadel- 
phia, and  which  Mr.  W.  J.  McAlpine,  C.  E.,  has  taken  in  his  calcula- 
tions for  the  Perkiomen,  vide  report  of  Commission  of  Engineers, 
1875),  it  would  give  daily  272,000,000  gallons.  Of  this  quantity  it 
may  be  assumed  that  165,000,000  gallons  daily  average  supply  to  the 
conduit  may  be  taken,  leaving,  after  deducting  for  soakage,  evaporation 
and  waste  of  the  impounding  dams,  nearly  100,000,000  gallons  to  pa.ss 
away  as  surplus  or  flood  water.  From  the  Perkiomen  above  Green 
Lane  village  60,000,000  gallons  daily  of  the  supply  may  be  furnished, 
and  when  the  consumption  of  water  is  greatest,  in  July  or  August, 
72,000,000. 

The  drainage  areas  of  the  streams  above  the  aqueduct  line  have  been 
determined  from  measurements  and  calculations  based  upon  a  corrected 
map  of  the  townships  of  Montgomery  and  parts  of  Bucks  and  Berks 
counties,  which  was  specially  prepared  for  the  purpose.  The  results 
are  believed  to  be  fair  approximations,  and  are  given  in  tlie  following 
table : 

Table  1. 

Scjuare  miles. 
Perkiomen  Creek  at  Green  Lane,  .  .     73*00 

Great  Swamp  Creek,      .  .  .  34' 4  7 

Ridge  Valley — affluent  of  Swamp  Creek,  .       9'64 

East  branch  of  Perkiomen,  .        "  .  46*00 

Indian  Run — affluent  of  east  branch,    .  .       6*04 

Skippack  Creek,  .  .  .  21*48 

Towamencin — affluent  of  Skippack  Creek,  .     10*55 

Total,   ....  201*18 
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Ma<'«»l)y  Cre<*k,a  htream  having  a  <lruina^i-  an-a,  uli»»v<*  tlir  aijii«tlii<i 
lint',  of"  17JI  .>s<|Marr  iiiil«-s,  Mows  into  iIm-  l*«-rkii»iii«'ii  at  (in-^'ii  I*:in«\ 
south  of  tli<-  railroad,  Ixit  i*«  oiiiittitl  t«)  avoid  any  iiittTt'eniKv  witli 
the  r««ul,  whirh  (Kfupies  the  vaMey  for  s<'venil  inih**.  Thi?*  •♦tn-aiu 
may  lie  iitilixe<l  to  the  extent  prolrahly  of  10  •<4|uan'  niile^of  it?*  tlrain- 
aj;e  an-ii  without  injury  to  the  niilrood. 

In  the  anne\e«l  talde  is  ^iven  Intth  the  annual  and  the  aveni^- daily 
fl«tw  of  the  seven  Htreani-s,  Ikls^nI  u|>om  the  utilization  of  2H-41  in«he«> 
♦)f  the  rainfall  ii|M»n  the  I'erkioiiicM  water  she<l  ;  also  th«'  nr^-rvoir 
<'a|«ieitv  re<juiriH|  alntve  the  limit  i>t'  draii^'lit  in  tin-  iiii|H)iindin^'  dam-* 
for  a  jj^iven  consumption. 
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(IcinaiMi  for     to  )•»*  t>nivi<i- 
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I'erkioriicn  (  ni-k. 
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(Jn-at  Swanj|»  ( 'reik. 

17, <».■).•  J 

4<;,72<»..-,|s 

Kidjrr  Valley, 

1,7.')  1 

i:{.(il(;.i.{s 

Kiust  hnmcli. 

22,7;5.-) 

«;2,2s7.«J71 

Indian  Kiin, 

2,!»')!» 

m,1(m;,s4!» 
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'i'owanienrin, 

.^).i;t:; 
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!»;».:177       272,2«Jo,7o2       l<>.*)  11.<>«h» 

Phi-  tahle  is  eonstnu-ted  u|>on  thr  luisis  of  47'S5  inrh«*s  annual  riin- 
fal I,  or  one-fifth  more  than  that  «if  the  yrar  ls.")8at  l*hilailel|ihia.  a- 
jissum«'d  by  Mr.  MrAlpiiie. 

Then*  are  no  n-eords  i»f  raint'all  u|>«tn  the  IVrkionu-n  in  ve:ir^  |»;t-t 
^vith  whieli  eom|taris4m  mi^ht  Im>  made  to  e^itahlish  the  e«irre<-tnervi  of 
the  alM)ve  n.ssume<l  data.  We  have,  however,  aetiuil  i\f«ults  ohtaim^l 
from  stora^"  n-^TVoirs  in  et»nstant  \\m'  in  Ku^tern  iVnnsylvania.  i>ne 
<'xam|>le  of  whieh  will  sutlice. 

The  .Silver  Creek  n-^TViur  of  the  Sc>huylkill  Navi^ition,  on  thr 
Broad  Nfountain  in  Shuylkill  ••ounty.  lut*  a  dniinap>  arv-a  of  1  fv.Vj 
.stjuan-  miles.  This  water  >lui|  i-.  rolling;  taMe  land,  not  ri-in>;  in  anv 
part  to  the  <li^nity  of  a  hill,  and  ther^'fon*  not  vetA-  ftivoraMe  to  th«' 
flow  of  a  larp'  iw-n-entaije  of  niiidall  into  the  n-sorx'oir.  Notwith- 
stnndiu);  this  fact  it  is  tille<l  at  Uitst  twitv  every  year,  and  thl-  ha*  Uvn 
the  ex|»erien<v  of  many  yeaiN.  its  eapaeity  i««  .'i2<),<X>'M)<^>  pnll«>ii.s, 
an«l  the  total  quantity  stomi  ami  utilixeii  for  supplyinjf  the  naviiration 
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is  320,000,000  X  2  =  640,000,000  gallons,  =  28-82  inches  of  rain- 
fall over  1y^o%%  square  miles. 

Upon  the  basis  of  this  quantity  utilized  from  1  j^^  square  miles^ 
applied  to  the  Perlviomen  drainage  area  of  201  square  miles,  we  have 
101,000  million  gallons,  as  against  99,377  million  gallons  collectable 
from  28-41  inches  of  rainfoll  (Table  2). 

It  may  be  said  that  the  region  of  Silver  Creek,  being  at  an  altitude 
of  1500  feet  above  the  level  of  the  sea,  is  more  favomble  for  rainfall 
tiian  tlie  Perkiomen  district. 

Distances  and  Fall  of  Aqueduct  Line  [circular). 
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I  need  only  refer  to  so  eminent  an  authority  on  climatology  as  Lorin 
Blodget  in  support  of  the  contrary  opinion,  Mr.  Blodget  places  the 
Schuylkill  county  region  within  the  range  of  40  inches  mean  rainfall,, 
as  against  42  inches  in  the  Berks,  Montgomery  and  Philadelphia  dis- 
tricts, and,  in  an  article  on  the  climatology  of  Pennsylvania,  says,  fur- 
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tlitr :  "The  hcjivipst  niinfall  i-  in  tlif  ■^^iiitlu'jf^t,  whon'  the  annual 
niwiii  is  iM  incliis,  and  tlic  j^n-jiti-st  <|iiaMtitv  in  anv  oiu*  vcar  is  alniut 
60  inclu-s.  This  n-jin^Miit^  tin-  Hi-st  ranp-  of  hill-  l»aik  from  the  l)«l- 
aware  River,  on  which  nn»n'  rain  falls  than  on  the  plains  of  New 
Jersey  and  Delaware,  nearer  the  S4'a.  Wi-st  of  the  hills,  and  in  the 
Siis«jiiehanna  \'alley,  the  <jiiaiitity  of  niin  falling  is  miK-h  h-ss,  oidy 
ahoiit  .iH  inches." 

The  first  ranj;e  of  hills  rcfrrnd  to  hy  Mr.  IJ|o«lp't  an-  thos<-  ii» 
which  (he  Pcrkioiucii  and  its  hniiiclM's  tiikc  their  ris<',  and  in  this  oui- 
iH-^'tioii  it  may  !«■  stated  ;l<  a  fact  that  fre>het.-  on  this  stn-:iiii  are  in<»re 
frequent,  and  hi^^her  in  j»rojMirtioii  to  the  dniinap-  an-:i,  than  on  the 
npjM'r  S<hiiylki]l. 

(^imntHy  of  under  rrtfuirrd  for  rotiHumjtfion  in  thr  month  of  July, 
h<ij<e(l  Ujton  Oi€  rainfall  of  thr  year  IH'yS,  aut/mentrd  hy  \  for  the 
I'crkiomrn,  an  fter  tahle,  ant  I  inrrrajte/l  from  the  arrraye  liai/y  etm- 
xniiifitioii  hif  120  />''/•  '•«•/«/..  Iniin/  lite  aMoimetl  jtej't'rntai/e  j(tr  Omt. 
month. 
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This  tahle  has  Imnh  coin|»ut«'«l  tor  the  vel«M*ity,  fnun  the  t'oriunhi  o4* 
Kohert  K.  Martin,  ( '.  K..  and  ns<>«l  hy  him  for  tlie  air-line  <-<in«lnit  12 
I'eet  diameter,  tor  the  |M*rmanent  water  >ii|t|»lv  «»f  the  eity  of  Ikdti- 
more  tVom  the  (Jreat  (inn|M»w«ler  Kails,  This  work  is  a  funnel  .'{H,4*J4 
fei't  lon^,  iVoiM  the  dam  on  the  (iiin|Mtwder  Kiver  lo  an  artitieial  n-ser- 
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voir  (Lake  Montebello,  near  Baltimore),  having  a  storage  capacity  of 
600  million  gallons,  and  elevated  above  mean  tide  163  feet. 
Mr.  Martin's  formula  is  : 


^.  ^  1    ISO  XHXD 
1 


_  1'     '2gH 


0-0074547 
in  which  11=  head,  in  feet 

D  =  diameter,  in  inches 
I  =  length,  in  feet 

4 

The  diameters  given  in  the  above  table  are  for  a  conduit  running 
full.  For  the  Perkiomen,  another  form  is  preferred,  M'hich  will  admit 
of  a  maximum  flow  limited  to  a  surface  sufficiently  below  the  crown 
•of  the  arch ;  17|  miles  to  be  of  the  full  capacity  for  maximum  delivery 
(about  12  feet  wide  by  13  feet  in  height),  the  remainder  varying  to 
meet  requirements,  beginning  with  8  feet  width  and  height. 

Swamp  Creek,  rising  in  Berks  county,  near  Boyertown,  and  flowing 
into  the  Perkiomen  below  the  village  of  Zieglerville,  has  not  been 
been  included  in  the  general  plan,  because  many  years  must  elapse 
before  it  will  be  needed,  but  it  can  be  utilized  whenever  required,  and 
ats  waters  brought  into  the  main  storage  lake  near  Green  Lane  by 
means  of  a  branch  conduit.  Its  drainage  area  above  the  height  of  the 
Oreen  Lane  lake  is  about  30  square  miles. 


Advantages  of  the  Proposed  Plan. 

Some  of  the  advantages  of  this  plan  will  appear  from  the  following 
•considerations : 

First.  It  will  supply,  from  one  point  alone,  a  greater  quantity  of 
water  than  is  now  required  for  the  present  population  of  the  city. 
Second.  It  will  deliver  the  Avater  to  a  basin  at  an  elevation  of  27  feet 
:above  Belmont,  72  feet  above  AVentz's  Farm,  69  feet  above  the  pro- 
posed reservoir  at  Thirtieth  and  Cambria  streets,  104  feet  above  East 
Park,  119  feet  above  Schuylkill  and  Corinthian,  125  feet  above  Dela- 
ware and  145  feet  above  the  Fairmount  basins.  Third.  It  can  supply 
Roxborough  and  Mount  Airy  basins  by  a  pumping  station  at  the 
.aqueduct  where  it  passes  not  far  from  the  former,  and  save  more  than 
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2W  ihtt  in  tlic  lift  rticoimtcn-*!  :it  tin-  |»n-H-iit  Ko.xlM.ron^rli  jiuiiii»iii;^ 
works,  JM-sidc  |Mrmittin;x  tli<iii  t<»  Im-  ili-Moutiim<-<|,  und  tli»-  htu^r  lin*-  of 
pijM-s  ill  the  piiiii|iiii^  iiiain  takoii  up  :iii«l  iitilizwl  I'L-jewhcre.  Fourth. 
It  ciiu  .su|)i>Iv  a  iKfiii,  which  may  Im-  j»ro\  id*-*!  for  th<-  xTviM-  of  Maii- 
Hvuuk.  I>v  a  |>I|M-  line  or  Itrinch  coiKhiit,  ta|>pin^  th«-  aiiiH-iltirt  liin-  in 
the  Wissahickoii  Valh y,  ami  ohviatr  the  neccj^^ity  for  a  ?^iil»|»ly,  a>  at 
present,  from  tin-  Koxhoroii^ji  ics<M-voir.  Fifth.  It  will  ohviate  the 
ne<'<'ssitv  for  all  the  pres*'!^  .".tcam-piimpiii^  stations  with  tlifir  «'X|M-n- 
sive  and,  in  somr  citsi-s,  troiiMt-xtiiH'  inoiisHT  piimjH,  and  hiiv*-  Fair- 
niouilt  and  its  water  jntwcr,  wIhii  dis<'onne<'te<l  fn»m  the  JKLxins,  to  Im 
run  iinKl«'rat«|y  in  tlu-  summer,  t4»  i'vi-i\  lake-s  ami  fountains  in  thr  I'ark 
or  for  Hushiiijj;  main  S4'wers. 

It  remaiiw  now  only  t4)  s:iy  that  the  rorn*etiiess  «>f  my  statement-  x-^ 
to  the  route  for  the  aque<luet  and  the  eapaeity  and  availahility  ot"  tin- 
water  sIkhIs  are  sul>j(H'ts  for  inv«'stijj:ition  hy  suhmission  to  instrumental 
examinations  l»y  »oiii|M't<'nt  parties  in  the  fi<lil,  and  wlirn  thi>  is  doiie^ 
the  cxjMt,  to  which  I  have  not  r(?ferrc<l,  may  In-  ustimateti  very  cl<r-«ly. 
The  work,  as  far  as  |MKsil»Ic,  should  Im*  monumental  in  its  characti-r.. 
aii<l  whilst  no  moiiev  need  he  spent  for  mere  show  or  umn'<'<*>.sirv 
oniameiiiatioii.  yet  nothing  sln)uld  U'  left  undone  that  may  <i»ntril>ute 
ill  the  least  de<rree  to  strenj;th  and  durahility.  In  the  timiM-l-  we 
shall  have  the  everlasting;  nn'ks  ;  aiouj;  the  sIoik-s  nnk  cutting,  an»l 
over  streams  and  valleys  |M-rmanent  struetun's<  of  stone  or  imu.  Tin* 
im|N)undin^  dams  iiiu>t  Im-  of'  undouhteii  stn-n^th,  a<  they  i-ertainly 
mav  Ik'  if  founde<l  u|M»n  tlu-  r«Mk  and  Ituilt  of  solid  im|KTmc:ihIe 
materials,  and  .S4»  on  with  all  other  |»:irt>. 

The  I'Of't  iA'  th«'  work  would  not  In-  s<»  lar^*  as  that  of  tiie  C'rt>toii 
Aipietliict — H)\  mil«>  loii<^ — which  cost  originally  $H,")7-*>.iMK) ;  l»ut  a- 
the  (Muupletion  tor  a  full  capacity  of  a<pie<luet  will  n<»t  Im-  nipiin-*!  tor 
nuiiiy  years,  neither  will  the  full  exjH'iuliture.  The  c«i>t,  whatever  it 
may  1h',  e;ui  U'  spn-ad  over  several  years,  and  will  not  U-  s<i  mu«-li  of 
a  hunleii  that  it  cjinnot  Ik*  Uiriie  hy  a  p«"«»ple  wln»  stcjulily  h»ok  for- 
wanl  tt)  the  tinie  when  the  city  of  l'hiladel|>hia  will  eml»ra«v  withiu 
its  limits  a  |>opidation  ot'  two  million  sotds. 
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In  this  connection  there  is  now  one  other  matter  that  deserves  the- 
most  serious  consideration,  and  which  shoukl  be  an  incentive  to  earl}^ 
action  by  the  people.  It  is  this,  that  long  before  the  population  shall 
have  reached  the  figure  named,  the  waters  of  the  Schuylkill  will  have 
become  so  contaminated  by  sewage,  in  eonse<pience  of  the  great  increase 
in  population  along  its  banks,  as  to  be  totally  unfit  for  domestic  pur- 
poses ;  even  the  next  decade  may  i)roduce  a  marked  change,  hence 
there  is  no  time  to  be  lost  in  determining  the  course  that  should  be 
adopted  to  secure  pure  Avater  for  domestic  as  well  as  for  manufacturing 
purposes.  ISIuch  time  must  necessarily  elapse,  in  any  event,  before  a. 
work  adapted  to  the  wants  of  the  city  can  be  brought  into  use.  All 
the  Delaware  schemes  are  too  costly,  as  was  shown  by  the  commission' 
in  1875,  and  require  no  further  consideration. 

So,  after  all  that  has  been  said  and  written  upon  the  subject  of  the 
water  supply  for  the  future,  if  not  notiibly  for  the  present,  there  is  no- 
other  stream,  in  my  judgment,  of  e([ual  purity  with  the  Perkiomeii 
within  reasonable  distance  from  which  an  adeequate,  pure  and  never- 
failing  supply  can  be  brought ;  and  in  closing  this  paper  I  must 
remark  that  I  very  cheerfully  resign  to  Mr.  H.  P.  M.  Birkinbine  the 
credit  of  pointing  out  that  stream,  and  for  myself  only  claim  the  plan 
of  tapping  it  at  a  higher  and  more  favorable  point  and  intercepting 
and  utilizing  the  headwatei*s  of  its  principal  branches,  which  fortu- 
nately lie  in  the  track  and  cross  a  direct  aqueduct  line  to  the  city  over 
high  ground. 

On  Artificial  Atropia. — As  is  known,  atropia  on  treatment  with 
l)arium  hydrate  is  decomposed  into  tropine  and  tropaic  acid,  according 
to  the  reaction:  €,711^3X03 -|-Il20--=C«Hi5NO +  €311,003. 

The  first,  and  perhaps  most  important  step  in  the  synthesis  of  atro- 
pia, is  the  re-combination  of  these  decomposition  products  to  form  the 
alkaloid  again.  This  Ladenburg  has  just  accomplished  by  treating  the 
tropate  of  tropin  with  dilute  hydrochloric  acid  at  100°.  The  tropin 
tropate  used  was  in  colorless  crystals  and  gave  no  reaction  for  atropia,. 
even  when  in  15  per  cent,  solution  showing  no  action  upon  the  eye. 
After  tlie  treatment  for  some  time  with  an  excess  of  dilute  hydro- 
chloric acid,  an  oil  separated  out,  which,  when  purified,  solidified  to  a 
mass  of  colorless  needles.  The  author  was  unable  to  find  any  differ- 
ence between  the  artificial  atropia  so  prepared  and  the  purest  natural 
product.' — Ber.  der  Chera.  Ges. 
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riic  Secretary  having  dcsinMl  me  to  deserilK?  to  the  niemlx*rs  f»f  tli<' 
I'raukliii  lu.'^titutc  how  pliotuirraphs  in  j)riiitin^  ink  are  made;  l)ef<>re 
(loiiij^  .so  jRTmit  me  to  read  trom  an  article  |)re|>are<l  l)y  me  a  short 
time  .since  for  one  of  our  journals — "The  Photoj^raphic  Kavs  (»f  Lij;ht." 

In  1796  Aloi.s  Senefelder,  of  Muni<'h,  a  musician  and  cornjioser, 
wiis  in  the  habit  (»f  usin^  |)ie<'<'s  of  slat*-  of  limestone,  on  which  to 
arnin^e  his  compositions  JK-fore  puttinj^  them  <»n  pa|R'r. 

While  so  en^age<l  he  wrote  with  |)encil,  on  a  piece  of  this  stone,  a 
memorandum  for  his  mother.  A<'cidentally  it  fell  into  a  vessel  con- 
tainiu}^  ^re;Lsy  water;  to  his  ast<»nishment  he  .s;iw  that  ever}*  letter  had 
l)ecome  t»ate<l  with  grease  contiiine<l  in  tlie  water,  and  without  affivt- 
ing  the  other  parts  of  the  .st<me.  Thi.s  simple  accident  let!  him  to  the 
discovery  of  lithogniphy,  an<l  little  did  he  dream  at  that  time  of  the 
marvelous  results  now  ohtained  through  the  means  of  his  invention,  or 
that  a  chemicjilly  j)rcpared  surface  would  he  di.sc<n'ere<l  on  which.  I»v 
the  action  ol'  light,  natural  ohjects,  jM»rtrait.»*  an<l  works  of  tlesign  and 
constriicti(»n  would  he  drawn,  which,  when  placed  in  the  printing  press, 
would  yield,  hy  a  process  of  printing  strictly  analogous  to  his  own, 
copies  of  «uch  ol)je<'t.s  in  permanent  pigments. 

In  1830  Mungo  Ponton,  of  England,  dis<'overed  that  when  pajHT 
••oate<l  with  a  .solution  of  l)ichromat<'  of  |Htta.ssium,  and  after  drving 
was  c.\po.se<l  to  light  under  a  drawing,  that  it  re<'eiv<.><l  an  inuige,  (»f  a 
hrown  color,  to  j)reservc  which  it  was  »»idy  ne<'es<arv  to  wa>h  (he  pajn-r 
in  water  to  remove  the  hichroinate  not  acted  u|M»n  hv  the  light.  This, 
JUS  far  a>  known,  is  the  first  instan<v(»f  a  picture  having  Ikvu  pnxluce*! 
hy  the  action  of  light  on  a  ImkIv  impregnatnl  with  a  hichroinate  silt. 

In  1S.')1  Panl  l*ret.s«-h  made  known  his  disintvery  that  a  fdm  of  gil- 
jitine  and  hichroinate  of  |>otiLssiinn,  after  exj>osure  under  a  drawing  or 
other  design  to  light,  and  after  damping  with  water,  wouhl  receive  ink 
from  a  roller  pas-stnl  over  its  surfatr  where  the  light  ha<l  ac-tt^l  u|>on  it, 
and  refu.se  it  where  the  light  ha«i  not  actetl,  owing  to  those  i>arts  hav- 
"Whole  No.  Vol.  CVIII.— (Third  Seri^,  Vol.  Ixxviii.i  Is 
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iug  absorbed  water,  thus  producing  a  printing  surface  strictly  analo- 
gous to  the  drawing  made  bv  Seuefelder  on  the  lithographic  stone ; 
but  Pretsch  only  used  these  inkable  images  to  obtain  a  transfer  to  be 
laid  down  on  stone  to  be  printed  from. 

In  1855  Louis  Poitevin  made  further  advance  in  the  use  of  a  bichro- 
matized  gelatine  film,  by  producing  ])ictures  .in  half-tone,  but  nothing 
of  a  really  practical  nature  was  accomplished  by  him  at  that  time,  as 
the  films  would  bear  but  a  few  impressions  to  be  taken  from  them. 

In  1865  Tessie  du  Motay,  of  Metz,  France,  made  still  further  pro- 
gress in  half-tone  printing  from  a  gelatine  surface,  making  use  of  cop- 
per plates  as  a  support  for  the  gelatine  film,  and  from  which  seventy 
to  eighty  impressions  could  be  obtained.  The  results  were  considered 
so  good  at  that  time  that  soon  other  experimenters  took  up  the  subject. 
Notably  to  Albert,  and  Obernetter,  of  Munich ;  Rye,  of  Denmark ; 
Gemoser,  of  Berlin;  Despaqui,  of  Paris,  and  Edwards,  of  London,  is 
due  great  credit  for  the  perfection  to  which  heliography,  light-drawing 
on  a  bichromatized  gelatine  surface,  has  been  brought. 

Before  describing  the  making  of  and  printing  from  a  heliograph 
plate  I  will  briefly  explain  the  similarity  between  a  dmwing  by  hand 
on  a  lithograph  stone  and  a  drawing  by  light  on  a  bichromatized  gel- 
atine film. 

To  produce  a  dasign  upon  stone  the  artist  makes  use  of  a  crayon  or 
ink  composed  of  materials  of  a  fatty  nature,  on  completion  of  which, 
if  the  stone  is  sponged  with  water,  it  will  be  seen  that  the  water 
recedes  from  that  portion  covered  by  the  design,  but  is  readily  absorbed 
by  the  stone  outside  of  the  design.  On  passing  over  it  a  roller  charged 
with  lithograpic  ink  it  will  be  seen  to  deposit  on  the  drawing  but  not 
on  that  part  of  the  stone  yet  moist  from  the  water,  the  greasy  nature 
of  the  drawing  attracting  the  ink  while  the  water  repels  it. 

If  a  bichromatized  gelatine  film  be  exposed  to  light  under  a  nega- 
tive the  result  will  be  an  image  or  drawing,  of  a  brown  color ;  on 
placing  the  plate  supporting  this  film  in  water  it  will  be  seen  that 
where  the  light  has  had  full  action  so  as  to  reduce  all  the  bichromate 
it  refuses  to  absorb  water,  and  where  the  light  has  not  acted  it  absorbs 
water  freely  and  swells  up.  On  blotting  off  the  surplus  water,  and 
passing  over  it  a  roller  charged  with  lithographic  ink,  it  will  be  seen 
to  deposit  on  the  parts  acted  on  by  light,  but  refuses  to  deposit  on  the 
parts  that  have  absorbed  water,  thus  establishing  the  relation  ana- 
logous to  a  drawing  on  stone  as  regards  its  acceptance  or  rejection  of  a 
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>^r«ihy  ink  wln.ii  in  a  iiioirtt  e<>mliti«)n.  This  is  the  relation  pnjcluw'd 
l»y  I'retsch's  (liH<iv(Ty  in  1H51,  wlio,  lik«-  S-iiffVlder,  never  dreamt 
<»t'  the  woiidrrt'iil  resultn  now  Uinj^  daily  ai-i-oinplishjil  hy  the  aid  of 
theeanieni  aiul  printing  jjnss.  The  drawing;  pnKliu-e*!  by  li^fht,  first 
lhroiij;h  the  aid  of  thr  rarn«Ta  and  then  hy  the  nej^ativc  thM-H  uhtaineii  on 
the  lii<hroMiatiz«'<l  j^ehitine  platr,  h;tH  a  far  ^^ruater  intriitxie  vahie  than 
a  drawing;  pr<Hluee<l  hy  the  hand  of  nmn,  lie  it  ever  no  Hkillfully  exe- 
«'Ute<|  ;  for  what  «in  exee^nl  the  I'aithfuhiess  with  wlii<'h  photo;;raphy 
picture.-^  everything  phu'<'<l  Ix'tore  the  camera ".'  Is  not  the  «Iniwini: 
«-.\e<Mited  hv  nature's  mM'! 

llelioj^raphv — ".sun-<lniwin^"  then,  is  a  prooe»*»  hy  which  a  |>ie- 
tiMT  is  |»r<KhiitHl  hv  hjiht  on  a  ehmiieally  pnj»are<l  surfaee  from  whieh 
l)V  nif<hanic;il  means  prints  in  |Krnianent  ink  (-m  h«-  pr<Mhi<f<l  with  a 
i'eU'rity  an«l  chejipness,  (lelij-iiey  of  t4'Xtnre,  cxcpiisite  ^nutation,  and 
faithful  reiulerin^;  of  di-lail.  that  when  limite«l  niimU'rs  an-  reipiin"«l 
will  fjive  helio^raphie  pro«lu<tions  ti»e  prefrnix-*-  ovr  i.f|i<  r  ppH-«->-^- 
of"  tin-  sister  arts. 

I  will  now  deserih*'  to  yon  iiow  thw  ^elatint-  printing  surtatv  is  pn>- 
tlmcd.  The  sn|)|)ort  for  the  gelatine  may  Ih'  of  y.in<',  eopjMT,  stone  or 
'4l;t»>  ;  the  latt^T,  hein^  lu-st  adapteil  to  the  pur|xine,  is  most  ^enenilly 
us«'<|.  '|\»  s«*<ur<'  thf  ;;rlatinf  tilin  to  the  ^laas,  so  as  to  allow  of  a 
larj^e  niunher  of  iiiiprr.s,^ions  hcinLT  pnlle«l,  it  w:ls  found  n^•«•e^(^ar^•  to 
lirst  coat  the  i;la>s  with  a  thin  suhstratuiii  of  j^datine,  alhumeii  and 
Itirhroiiiatr  of  potassium;  albumen  and  l)i<-hn»mate;  or  albumen  and 
silieaite  «»f  s«Mla  ;  «>ne  or  other  ot'  tlu-se  prepanitions  is  j-sffUtial  to  the 
priMluetion  of  a  ^(mmI  jtrintim;  plate;  all  an-  patente<l,  and  the  {tatent.- 
Jor  these  and  other  improvements  an*  owne«l  by  a  <t)mp;iny  in  New 
York  known  as  the  ArtotyiH*  ( 'om|taiiy,  who  ^nmt  licxiisd*  tor  workinj; 
them.  I  hold  (he  i'xelusive  ri^ht  for  phot«^-mei'hanic:d  printinvr  tor 
riiiladelphia  and  'Jo  miles  radius. 

If  <)ne  of  th«'  first  two  formulas  for  a  tirst  or  <vnjent  <x»atin^  i>  ns«>d. 
thf  plate  aftrr  «lrvin^  is  |»la<"«il,  faee  down,  on  a  InKinl  ««"»v«'nil  with  a 
l>la«k  «loth  or  velvet,  and  the  li^ht  allowinl  t«»  aet  thnuiirh  tin-  );la^- 
for  a  time  sullieieiit  to  muse  that  side  of  the  eiutin^  next  the  |;htss  to 
have  Int-oine  in.solubh' ;  it  is  then  esin'fully  e«»aiiHl  with  a  -Mdution  of 
fine  p'latiiie,  «*ontainin^  15  ^>  20  |N>r  <mt.  tif  biehn>mate  of  |>ot:k-vsium 
4»r  anitn<»nium,  plaet^l  in  the  drying  box,  whieh  U  a  nH-tani;ular  one 
haviuf;  »'n»«  bars,  supplietl  with  serewn,  on  whieh  the  ^hins  platen  have 
j)revio\islv  Imnmi   l>n>ui;ht  to  an  ao'urnte  level:  an«l  dritxl  at  a  temjKni- 
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ture  varying  from  110°  to  130°  Fahr.  When  dry  the  plate  is  ready 
for  exposure  under  a  negative ;  the  usual  printing  frame  used  by  pho- 
tographers is  made  use  of,  but  as  we  cannot  examine  the  progress  of 
the  light's  action  as  in  photograph  printing,  the  back  of  the  printing 
frame  is  dispensed  with,  the  plate  being  held  in  close  contact  with  the 
negative  by  wedges  placed  under  the  cross  bars,  and  we  examine  the 
progress  of  printing  through  the  back  of  the  plate.  When  all  the 
detail  of  the  image  is  visible,  the  plate  is  removed  from  the  printing 
frame  and  placed  in  cold  water,  which  dissolves  out  the  bichromate 
not  reduced  by  light.  When  sufficiently  freed  of  the  now  useless 
bichromate  it  is  allowed  to  dry.  Before  putting  it  on  the  press  the 
plate  is  placed  for  a  few  minutes  in  a  pan  of  water.  It  is  then  freed 
from  water  on  the  back,  placed  on  the  bed  of  a  lithograph  press,  the 
surface  carefully  sponged,  and  dried  with  a  soft  cloth  or  other  means. 
At  this  stage  a  faint  image  only  is  visible,  and  on  passing  over  it  a 
roller  charged  with  a  stiff  ink  those  parts  answering  to  the  transparent 
parts  in  the  negative  will  take  ink  with  considerable  freedom,  while 
those  parts  answering  to  the  half-shades  will  take  much  less,  and 
where  no  light  has  acted  will  refuse  ink  entirely,  from  the  film  having 
so  freely  in  those  parts  absorbed  water.  The  printer  now  takes  a  roller 
similar  in  composition  to  those  used  in  type  printing  and  charges  it 
with  the  same  or  a  colored  ink,  but  reduced  in  stiftness  Avith  oil  or  thin 
varnish,  and  with  very  little  on  the  roller.  Passing  this  roller  over  the 
plate  it  continues  the  inking  up  of  the  image  until  the  faintest  detail 
is  made  visible.  A  mask  of  paper  having  an  opening  of  the  &ize  of 
the  subject  on  the  jjlate  is  laid  over  it,  a  piece  of  fine  paper  laid  on, 
the  tympan  lowered,  and  with  a  light  pressure  pulled  through  the 
press,  when,  if  all  the  conditions  have  been  properly  carried  out,  a 
print  possessing  all  the  delicacy  of  a  fine  photograph,  but  in  a  pigment 
as  durable  as  that  of  the  engravings  of  old,  and  with  all  the  minute- 
ness of  detail  and  delicacy  of  light  and  shade  that  photography  so 
faithfully  gives  us. 

Heliographic  printing  is  applicable  to  any  kind  of  subject  that  can 
be  photographed,  and  for  publishers  and  manufacturers  oifers  the  best 
means  of  producing  portraits,  landscapes,  machinery  and  all  kinds  of 
manufactures ;  reproduction  of  engravings,  paintings  and  original 
drawings,  old  manuscripts,  etc.,  and  for  illustrating  art  and  manufac- 
turers' catalogues. 

Artotypes  are  executed  in  any  of  the  permanent  printer's  inks,  and 
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at  miirli  l<"jss  cost  tliai)  |»liuto;;ni|>lis.  Tk  ppMliici*  the  Ixr^t  results  >\».'- 
cial  iM'j^itivi-s  art-  n'<jiiirMl  to  ppHliut-  tin*  pritititi;;  |»Iat«',  ami  cjin-  ami 
skill  is  nHjiiiml  <>f  tli*'  printer.  I'Im'  Art<>ty|M'  s|M><'iiiK*ii.o  exliil»it«'<l 
iM'fon*  voii  t<»-iii);lit  will,  I  iliiiik,  f-oiivry  S4iine  idea  of  tin*  pn»«'ti<'al 
ap|»li<-:iti(>ii  of  licliK^rnipliy. 


(OLolMilJNDNKSS  I  .\    KAlLW.W    KMl'L* 'V  KT->. 


Tlie  cvidcnc*'  f"iiriiislir<l  l»v  r«-<'<'iit  <-xaininati<»ii-i  nf  railway  in- n  <li— 
cloH-s  tln'  fact  that  coliir-MiiidiM'ss  ('xists  to  an  rxtciit  s<-:int'ly  -.usju-t-tiHl 
:i  Ifw  vc:irs  aj^o.  In  all  i-:LSfs  wlirn'  then"  is  •lirtni  conflifi  of  eviilen*"*- 
a.s  to  tin-  Htatr  of  the  si^'nals  it  w«>iiM  Im-  at  \i^x<  a«lvi.s;il»lf  to  have  tli** 
witn<'s*M's  t4st4'<l  for  ••o|or-l>lin«lni'ss.  l)r.  Kcvht,  <»f  tin-  \\ills  Ky«- 
li)»spital,  IMiihuiclpliia,  lia><  rttrntly  exanuiu'*!  a  nuriiU'r  of  railway 
t'lnpKtyctf*  ('n^4i^'<l  on  tin-  systems  ct^nteriiif;  in  that  rity,  ami  ait-onlinj^ 
to  his  rrjMirt  to  the  State  Me<lic:il  S<K-iety,  '.\\  |K'r  <^*nt.  of  the  whole 
nunjlwr  nnst<M»k  colors,  and  H^  jht  <t'nt.  additional  wen*  unahlc  t<»  dis- 
tin)^ni>h  accunitcly  the  shudi*?*  of  colors.  The  mistaking;  of  e« dors  wan 
di>nl>tle.>N<  due  in  larp-  |»!irt  t«>  defn-tive  vision  ;  Mnndcrx  in  shading 
an-  prol>al»ly  due  to  lack  <»f  training.  The  condition  of  the  «y«-s  w;is 
<-:irefully  exainine<|  with  the  ophtliahuotK^i|H>,  and  of  tlie  nuinU'r  umicr 
<'xarnination  711  jwr  cent,  wi-re  found  of  jM'rfe<'t  vision  and  21  \n-r  ivnt. 
<li't'e<'tive  ;  of  the  cttlor-ldiutl,  17  jK-r  ivnt.  wen'  «»f  jH-rfect  vi>ion  aiul 
h'<\  jM-r  cent.  deftH'tivo;  of  thoM-  who  only  shadetl  kidly.  77  |>er  <vnt. 
were  of  |Mrfe<'t  vision  and  2.'i  |ht  i-cnt,  deftvtive.  Of  tlms**  found 
<lef«'<*tive,  oO  jH-r  ci'Ut.  were  ^re<'n  hliml,  44  re<|  and  «>  hliu'.  Of  the 
S^  jHT  j-ent.  deff'<"tiv<'  in  shading,  !•')  jht  t-t-nt.  wen*  so  in  ^n-*-!!--  an«l  .'> 
|Mr  rent,  in  nd.  Two  men  who  nudd  not  clistin^uish  n-il  from  jjn-t'n 
on  test.-,  had  c«luc:ite<l  th<  ins«lv«>  to  know  that  n"«l  w:f«  an  intt-nx- 
<-o!or.  and  tliu<  distinj^ni^luHl  hri^jht  r«tl  signals,  Itut  at  the  same  time 
111  iLdit  i:n'«ns  and  other  hrijjht  colors  were  nni  to  them.  For  tin*** 
they  would  stop  their  tniins,  auil  -mi  err  on  the  s:ife  side.  On  the  other 
hand,  dark  nils,  dark  greens,  an<l  hrowiLs  wen*  all  one  to  them,  thu' 
making  tlu»se  <>olors  tis4>le?«<  as  sipinU.  Another  pe<*uliarity  in  on»- 
<us«'  was  the  ahility  to  distin^iish  Wright  n^l  c|«»s«'  hy,  hut  not  n*  .n  dis- 
tan«"<*.  A  <'«»lor  n»rre<'tlv  re«>»j;uiw«l  :ls  hrijrht  re^l  at  tlinx*  fe»'t  \\-a- 
iuvariaMy  i-jiIKhI  ure<Mi  at  ten  f«>et  ami  U'yond.  The  test  metho»N 
employiMl  were  t host- of  l*rof.  Holmgn'U,  I>r.  Stilliuij  and  others. — 
Hm/li.th  Mrchanir. 
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STEAM-BOILER  EXPLOSIONS. 


By  John  W.  Nystrom. 

Read  before  the  Franklin  Institute  at  its  meeting  Sept.  17th,  1879. 


The  steam-boiler  explosion  at  the  mill  of  Wilt  &  Son,  Philadelphia, 
on  Jnne  29th  last,  has  caused  some  controversy  among  engineers  and 
in  the  daily  papers  about  its  cause,  and  also  as  to  the  strength  and 
weakness  of  steam  boilers  in  general ;  and  in  discussing  the  subject 
with  the  Secretary  of  the  Institute,  he  invited  me  to  explain  my  ideas 
of  the  same  at  the  September  meeting.  The  accompanying  illustrations 
are  prepared  to  show  the  principal  cause  of  the  majority  of  steam-boiler 
explosions,  namely,  the  construction  of  the  joints  of  necks  and  steam- 
drums  to  the  main  shell  of  the  boiler. 

Experiments  were  made  in  England  some  years  ago  to  find  the 
weakest  point  of  steam  boilers,  and  it  was  found  that  where  the  main 
shells  of  cylindrical  boilers  were  cut  for  man-holes,  neck  or  steam- 
drums,  these  parts  were  the  weakest  and  gave  way  first  under  excessive 
pressure. 

The  Wilt  &  Son  steam  boiler  burst  at  the  necks  between  the  main 
shell  and  steam-drum,  which  were  the  weakest  points. 


The  accompanying  illustrations  represent  a  longitudinal  section.  Fig. 
1,  and  a  cross-section.  Fig.  2,  of  parts  of  a  boiler  and  iieck,  showing 
two  different  modes,  A  and  B,  of  connecting  a  neck  or  drum  with  the 
main  shell.  The  strongest  joint  is  that  represented  at  A,,  namely,  to 
bend  an  angle-iron  to  fit  the  joint  and  rivet  the  same  to  the  neck  and 
shell.     A  double  row  of  rivets  in  the  shell  would  be  better.     The 
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angle-iron  .shoul»l  U-  wt-Nhnl  to  Uirui  u  f»«»li«l  ring.  Tin-  onliaarv  m«Mk' 
of  coiiiuK-tioii  i.s  n-prcfionUMl  at  7i,  immely,  to  flange  the  nwk  aiwl  rivet 
the  Hanie  to  the  shell  with  one  row  of  rivets,  wliieh  i>  now  generally 
(lone  in  all  Ixtilers  with  rtn-ks  or  .xte:itnHlnnn!* ;  l»nt  tlu-  stn*ngth  of 
thin  joint  is  very  <l<'<'<'j)tive,  Iw-ing  only  a  •siiiall  fnu'iion  <»f  that  of  the 
shell  without  the  hole,  whilst  the  joint  -I  <^iii  lie  nuule  fully  as  stn>ng 
as  the  slnll. 

I  have  sjH»ken  to  s<venil  hoihr  makers  alniut  the  angle-injn  joint.  .1, 
hut  they  <Io  not  Hceni  to  uppreeiutc  its  value,  nor  «lo  they  appn-liend 
the  we:ikness  of  tin*  joint  11.  Mr.  I>»ngstn'th,  of  the  It:il*lwin  hutt- 
niotive  works,  ohjin-Ls  to  the  joint  A  on  the  grouiul,  he  sjiy.-v,  that 
"angle-iron  is  generally  made  of  ver^'  |M)or  iron."  This  ohjit'tion  ean 
Ix'  overcome  simply  hy  onhring  angle-iron  of  the  In^t  (juality  of  iron 
or  of  eiwt-steel.  Mr.  Ia^  \'an  siy>,  *'th<'  angle-iron  joint  rM|uin->  two 
rows  of  rivets,  two  m-jims  for  e:iiilking,  and  it  is  ver)'  «lirti««ilt  to  wt-M 
an  angle-iron  ring."     Others  siy  **  It  is  not  praetieal." 

The  sti'am-foree  which  should  1m-  re>ist<-«l  l»y  th«'  [Mirtiou  of  ih«  -hi-II 
cut  away  for  the  hole  is  wholly  thrown  ujMm  the  >lull  at  </,  /»,  for  th«re 
is  very  little  strength  in  tin-  eurve«l  |M»rtion  of  the  flange  at  /?,  whiUt 
in  the  joint  .1  that  fon-e  is  wholly  resistttl  hy  Uie  angle-iron,  which 
has  |)lenty  of  metal  in  the  jMiints  most  stniine<l. 

For  the  joint  />,  the  hole  in  the  shell  is  generally  eut  mueh  larger 
in  iliameter  than  that  of  the  insi<ie  of  the  ntvk,  which  wt-:iken>  the 
shell  njore  than  nn-cjvsary,  whilst  f«»r  the  joint  .1  the  lioK-  is  cut  npud 
to  that  of  the  ne<k. 

In  till"  Wilt  <V:  iS)n's  exphxleil  Iniiler  there  were  sovenil  «Ta<ks  in  the 
shell  nidiating  from  the  hoU-  cut  for  tlu*  Uiiks,  which  proves  tin- 
gre:iter  stniin  that  |M)rtion  of  the  Uuler  had  to  sustain.  These  crack* 
leaked  several  days  U'fore  the  explosion  (KT-urnp*!,  an»l  tiius  imlicnte*! 
the  approiich  of  the  aix-ident.  Kxplosi<»iLs  an-  Imjuently  itxliciitet!  in 
the  same  way,  and  it  is  explaine«l  in  "  INMket-IJ«»»»k  of  Mi<chanics," 
jMigi'  ■}.'}(),  and  also  in  my  work  on  "Sti-tuu  KngimtTing,"  |»ag»'  ST. 
If  these  ruKw  were  more  respe<'te<i  hy  enginivrs  many  U»iler  exphifioit* 
(N)uld  Ik-  avoidt>i|. 

A  letter  from  New  Y<»rk,  puhlishe«l  in  tMiihulelphia  |K»|»ers  .Vugast 
2Mth,  sjiys  :  **.Vn  exphision  occur rc<l  this  morning  on  Imanl  the  -twimer 
hlitscj'.  The  exphwion  wa-*  a  Uiystcrv.  The  stcam-^lrum  w.i>  Mown 
complctelv  otV."       The  iiiv^li  i\    wu-.  im.lnliK    f|i.      fl  oi/nl    i.<iiif    /.'         \ 
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similar  explosion  occurred  on  the  excursion  steamer  Alaska,  near  the 
mouth  of  Detroit  River,  September  5th,  by  which  many  lives  were  lost. 

The  two  new  boilers  made  for  Wilt  &  Son  are  constructed  upon 
nearly  the  same  principle  as  that  of  the  exploded  one,  which  had  three 
necks,  12  inches  diameter,  connecting  the  first  steam-drum  with  the 
main  shell,  and  two  necks  between  the  first  and  second  steam-drums. 
The  two  new  boilers  have  each  two  necks  16  inches  in  diameter,  with 
18  inch  holes  in  the  shell. 

Suppose  the  steam  pressure  in  the  boiler  to  be  100  pounds  to  the 
square  inch,  the  force  on  the  joint  B  will  then  be  201'06  X  100  = 
20,106  pounds,  or  nearly  10  tons  to  be  borne  by  .30  rivets  of  eleven- 
sixteenth  of  an  inch  in  diameter,  or  670*2  pounds  the  tensile  strain  on 
each  rivet,  or  1800  pounds  to  the  square  inch.  If  this  force  was 
applied  evenly  on  the  rivets  the  danger  would  not  be  so  great,  but  the 
treachery  of  the  joijit  B  is  that  the  greatest  part  of  that  force  acts  on 
one  side  of  the  rivets. 

The  diameter  of  the  shell  is  about  54  inches,  and  54  X  18  X  100 
X  ^  ^  48,600  pounds,  the  shearing  force  acting  on  14  rivets,  or  3471*4 
pounds  on  each  rivet  in  the  flange.  The  force,  48,000  pounds,  is  acting 
on  the  shell  and  flange  at  b  b',  where  there  is  acting  the  additional 
force  of  the  usual  steam  pressure  in  the  boiler,  namely,  54  X  100  X 
1^  X  J g  =  8640  pounds  per  square  inch  of  section  of  the  shell. 

The  joint  B  is  therefore  the  weakest  part  of  the  boiler,  and  is  the 
principal  cause  of  explosions  of  this  class  of  boilers. 

It  is  an  overlooked  fact  that  the  quality  of  workmanship  in  the 
neck-joint  B  is  generally  inferior  to  that  of  the  rest  of  the  boiler.  The 
height  of  the  conical  riveted  heads  in  the  shell  varies  between  -^  and 
-^  of  an  inch,  whilst  in  the  neck-joints  that  height  is  generally  only 
"O"  ^^  tVj  ^^^^  very  often  less. 

The  principal  strain  on  the  rivets  in  the  shell  is  a  shearing  force, 
whilst  the  rivets  in  the  neck-joints  not  only  sustain  the  same  or  greater 
shearing  force  but  also  a  tensile  strain,  and  therefore  the  riveted  heads 
in  the  neck  ought  to  be  much  stronger  than  those  in  the  main  shell. 

I  beg  to  be  distinctly  understood  that  the  remarks  here  made  are 
not  intended  to  apply  specially  to  the  new  boilers  at  the  mill  of 
AVilt  &  Sou,  but  to  that  class  of  boilers  in  general. 

I  have  lately  been  entrusted  with  the  inspection  of  a  new  set  of 
similar  boilers  constructed  by  Mr.  Le  Van  for  Mr.  George  Campbell, 
at  Twenty-first  and  Washington  avenue,  and  in  my  report  upon  the 
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'.'inu-  laid  >rr«*nl  wtn-H-  ii|miii  tli«-  wi-jikiK'ss  of  the  in*<*k-JHintH,  wliicii  wa- 
Ciillv  iiitpn-^'iat*'*!  \>y  Mr.  ( ':iiii|iIh-||,  who  onh-n-*!  th«?  lu-*-!;""  to  lie 
;ilt<r«i|  to  (-a-t-stii'l  plat*-  of  half  ati  iinh  thi«k,  iii'>ti-:i(|  of  fivf-t*ix- 
i<<'iith-,  ill  ihf  fir>»t  in-«k-.  Thi-  ahmition  woiiM  iiH-n-:iM' i^ui^idcnihlv 
ih<-  -tniii^th  ami  sif^-ty  of  thi»^-  Intih-r- ;  hut,  Miifortiiiiati'Iy,  the  Hart- 
lonJ  iMiih-r  in>jM*<'tor>  ohjwt  to  that  thickmr*  on  th»*  jrroiin«l.  lln-y  <i\ . 
I  hat  '*  the  lioihTH  will  be  too  ri^id,"  |)n>l>nhly  fVir  diffiTeniT  of  »hriiik- 
a^r  in  tiu'  inrtin-shcll  and  straiiiHlniin.  Tin-  n^'k.-*  an*,  howi'ver,  «>in«'- 
tim<>^  iiumU'  of  <'3t«*t-iron,  which  is  j^till  inort*  ri^rid.  The  FriMH-h. 
KilhardH  tV:  Co.'s  hoilrrv.  at  Tenth  and  Market  •<trr'<'t^,  alj««»  two  Uiiler* 
i»t  Crown  and  Callowhill  •<tn"<'tM,  have  (liMt-inm  neekj*  one  inch  thi«k. 
and  an-  all  in-^iiriHl  l»y  the  llartfonl  eon>|»any.  Imt  the>-  will  not  in>nri 
hoilfiv  with  ejLxt  stet'l  iHM-k-  half  an  inch  thick. 

The  a<'<'oni|)anyin^  illu><trations,  Fijr*.  -i  and  4,  n'prei^ent  the  lioilerv 
u  <jiic»ition,  liiit  tlicv  an-  not  ah^avv  H-t  iv^  here  shown.  The  water- 
line  i-  ^enenilly  kept  in  the  ste:ini-<lrutn  at  r,  hut  in  the  Caniplx-ll.aiMl 
also  in  the  new  Wilt  iMtilerx,  the  water-line  in  kept  at  H'  in  the  main 
l»oilcr. 

Fio.  3.  Kiu.  4. 


It  ha-  U-eii  cxplaiiiiil  that  th*-  weakest  |>oiiit-  in  tin-  cI;l>-  oJ  ii.iii.p« 
are  in  the  ne<k-,  and  the  fonv  aetinj;  to  s»«p;irate  tin'  tlruin  and  -hell  i- 
-ay  F  =  40,(MM)  |aMinds  on  the  two  neok.H.  SupjMvw  the  weit^ht  of  the 
drum  half  full  of  water  to  he  11*=  .HMH)  pounds.  When  the  nwk- 
joint.-  ^ive  way  and  the  l>'»iler  exph»«U**,  nil  the  water  in  the  Ixjiler  and 
drum  is  iimtnntly  fornuNl  into  a  dens**  f(k:imof  the  initial  ste:im  pn-s^sun- ; 
and  -upp«He  the  t'onv  /-'to  aet  f«»r  a  time  of  only  7*  =  J  K^iind.  The 
velocity  with  whiih  the  s:«nn-ilrum  will  l>ethn»wn  upu-.inls  will  tin'n  U- 
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Tr       oFT       32-17  X  40,000       oi^  ^  ^   *  a 

V=  ^- = 1^ 1 =  214*4  feet  per  second. 

W  3000  X  2  ^ 

The  height  to  which  the  drum  will  be  thrown  vertically  will  be — 
V^         914.42 
if  =  -—  =  -ii±  =  720  feet. 
2g        64-34 

It  is  well  known  that  steam-drums  are  thrown  to  great  heights  and 
distances  by  the  explosion  of  this  kind  of  boiler,  to  which  may  be 
referred  the  following  cases  at  the  establishments  of  I.  P.  Morris  &• 
Co.,  Philadelphia,  1862;  Cornelius  &  Baker,  Philadelphia,  1864,-, 
Jessup  &  Moore,  Wilmington,  1871,  and  Wilt  &  Son,  Philadelphia,. 
1879.  In  all  these,  and  in  a  great  many  other  cases,  the  boilers- 
exploded  on  account  of  weakness  of  the  neck-joints. 

The  efficiency  of  boilers  of  this  kind  is  very  deceptive.  They 
apparently  evaporate  much  water,  but  the  steam  produced  by  them  is. 
generally  very  wet,  for  want  of  proper  circulation  of  the  boiling  water, 
and  they  are  therefore  not  economical  boilers  in  the  consumption  o€ 
fuel.  A  thorough  scientific  investigation  of  the  operation  of  this  kind 
of  boiler  would  probably  make  important  revelations. 


Interoceanic  Canals. — One  of  the  most  serious  objections  urged 
against  the  probable  permanence  of  the  Suez  Canal,  was  based  oii 
the  assumed  impossibility  of  forming  a  permanent  harbor  on  an  open 
coast  and  in  the  neighborhood  of  a  large  river,  which  emptied  in  a 
region  where  the  prevailing  winds  blow  toward  the  entrance  of  the 
canal.  M.  de  Lesseps,  however,  contrived  a  dredge  in  1875  for  remov- 
ing, at  a  slight  expense,  the  deposits  of  sand  and  mud,  which  were 
brought  to  Port  Said  by  the  storms  from  the  west,  and  for  employing: 
them  in  extending  and  strengthening  the  jetties.  The  results  have 
Justified  all  his  anticipations;  the  deposits  have  ceased  altogether  in 
many  places,  and  the  labor  of  clearing  the  channel,  after  the  winter 
storms,  has  been  greatly  reduced.  M.  de  Lesseps  is  ^low  endeavoring 
to  secure  an  early  commencement  of  the  Nicaragua  Canal.  He  says  : 
"  In  my  opinion,  it  is  certain  that  this  useful  work  will  be  finished 
before  the  end  of  the  nineteenth  century,  a  century  which  began  in  war 
and  which  will  close,  thanks  to  the  progress  of  science,  by  the  pacific 
opening  of  new  communications  among  all  the  nations  of  the  globe." — 
Comptes  Rendus.  C. 
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1  lmv<*  liad,  on  ditVercnt  ottra/^ions,  toexaiiiiiii*  in  the  lulntraton  ^'mm 
l»alls,  iiiori'  or  U-^ns  lijinl,  that  wtri'  tAkcii,  from   tiiiu-  t«»  tiiiir,  t'nmi  iht* 
<'ylin<lerM  of   Htiaiin  en^jiiu*',  aixl   which   wt-n*  mMJcrully  attril»iiti-<l   t<» 
the  ii.'M>  of  ari<l  hihrit-atiii^  oil. 

Tht-st'  Uills,  when  rrii>h<-«l  and  di^'^tttl  in  rthcr,  \v(i  oil  iii.<M>luhU' 
rcHidiiL'  of  iieroxidf  of  iron,  wiiiUt  th«*  wduhK'  [lart  wum  iihuihi^iI  of 
okMc  acid  ctMuhinttl  with  th«*  oxidi*  of  inm  and  inixMl  witii  a  non- 
dec*  »ni|>oMHl  oil. 

I)(M9i  tile  fonnution  of  this  olente  of  inut  roxult  fn>ni  the  iim*  of  nil 
more  or  lesr*  ruiicid,  having  an  a^rid  ruuction;  or,  nion-  prolvihh',  i^  ii 
the  pnxhK't  of  the  dcctiinixr^ition  of  ncutnil  fatty  matter  in  pn-^^^niv 
of  iron  an<l  of  st4*:itn  at  a  hi^h  pn^^'iin"?  Thi>  alternative  (":»u«*«il  iih* 
to  make  the  following  ex|ieriment  in  the  lalM»rator>' : — 

8t4')ini  of  nmr  the  atnn»*j»hi*rif  prfrvHUri'  whs  iulinitti'*!  to  a  ilii««i| 
VMHel  hlU>«l  with  wrought  iron  <'hi|»|>inp<  inun«*r>^-rl  in  oil  of  itilm  nn- 
drn>«l  ntHitral  hy  a  pri'vioa**  trentiiU'iit  witli  turUmatf  of  mmLi.  A 
)l}\!<  |»i|H',  dipping;  into  a  puip-  fdhtl  with  wat«T.  w:t«»  pla(><«i  in  •"onnti'- 
tion  with  the  cltwtHl  viw.s«'l.  I'he  ap|iaratu«  luinjj  pur^^l  of  air  l>y 
the  Mteiun,  1  .saw  Kmall  huhhh's  of  j^aM,  whieji  I  n<eo^niju^i  a.H  hyiln»- 
ffen,  di.'M'npip' — f<lowly,  it  im  tnie,  hut  (^intinuoitjily.  The  !-«uue  ex|»«'ri- 
ment  r»'|H*at«Nl,  with  wnmjjht  in»n  ehip|tin>^  |HTf»itIy  fnv  of  umu***, 
pive  no  di.*4en^i^enient  of  oMnhuHtililc  ^><. 

Aivordin^  to  thcne  cx|M>rintrntt<,  ami  a>ntnir}'  to  ^tonu'  explniuition^ 
iriven  of  tlu!  «hanp'?*  pro»lu«>>l  in  the  metals  l»y  fatty  nuat**r<.  the 
latt«'r  have  no  nef*l  ot"  U-inj;  a«i«l  i»r  nineid,  nor  of  U-in^  htiitixi  aU'Vr 
212**F.,  t4»  de*>»m|K»rte  Htexim  in  prt9«*'n«v  of  in>n  and  tha-  pp-hH-*- 
olent*'  of  iron,  ^lyciTine  and  hydn»pn. 

On  tui  exuminutiun  of  tli<   .  \liihlir'-  ••!'  the  u^Iiuueratiug  engine  at 
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Brassac,  after  use  with  an  addition  of  carbonate  of  soda  to  the  feed- 
water  (which  water  contained  31 '91  grains  of  sulpliate  of  lime  per 
If  pints),  the  spaces  in  the  piston  were  found  filled  with  hard  matter, 
formed  of  grease  mixed  -with  oleate  of  lime  and  with  carbonate  of 
lime,  brought  in  the  water,  foamed  or  primed  over  with  the  steam, 
No  iron  was  found;  the  carbonate  of  lime  had  preserved  the  metal 
from  any  change. 

The  face  of  the  steam-valve  of  the  stationary  engine  at  Valence 
showed  corrosion  more  or  less  deep,  whilst  the  valve-stem  remained 
intact.  There  could  be  detached  from  the  corroded  parts  a  hard 
matter  which  softened  at  about  392°F.,  but  did  not  in  the  least  melt. 
This  kind  of  mastic  enclosed  particles  of  iron  rubbed  off  by  friction, 
and  had  the  following  composition : 

Oil,  not  changed,  ....  2*60 
Peroxide  of  iron,  .  .  .         91*55 

Oleic  acid,  .  .  .  .  5-60 

Loss,  .  .  .  .  0-25 


100-00 

In  this  engine  there  had  been  no  foaming  or  priming  over  of  lime, 
which  might  have,  as  in  the  preceding  case,  preserved  the  iron  from 
change. 

In  the  stationary  engine  of  the  workshops  at  Paris  the  same  fact 
occurred.  The  lubricating  oil  of  the  inclined  valves  collected  at  the 
lowest  part  of  the  valve-chest  and  perforated  the  cast  iron. 

In  the  locomotives  there  was  observed  the  same  change  in  the  metal 
at  the  tappings  for  the  screws  which  held  the  springs  of  the  steam- 
valve. 

These  observations  led  me  to  make  the  following  experiment:  An 
iron  bucket  containing  wrought  iron  chippings,  thoroughly  saturated 
with  oil  of  colza  previously  neutralized,  was  left  during  eight  days  in 
a  reservoir  supplying  steam  to  several  steam  hammers.  At  the  expir- 
ation of  this  time  there  were  taken  from  the  bucket  about  ^0\  cubic 
inches  of  very  thick  oil,  which  flowed  with  difficulty  and  emitted  an 
odor  similar  to  what  is  produced  by  the  action  of  an  acid  on  iron; 
the  iron  was  strongly  corroded,  and  the  oil — colored  to  a  dark  brown 
and  entirely  soluble  in  ether — contained  7  per  cent,  of  the  oxide  of 
iron.  This  oleate  of  iron  oxidized  rapidly  on  contact  with  air  and, 
like  all  the  minimum  salts  of  iron,  gave  up  some  peroxide  of  iron ; 
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when  iipiiii  pliu-ctl  in  <'oiitji<-t  with  inui  it  iittack*-*!  th<>  in>n  aixl  wan 
tliiLs  hroii^'lit  hack  to  it.>«  first  •<t;it«-  •>('  •<itunitioii.  In  thi^  nuinn<-r  (^n 
Im?  (•xplaitu.tl  th<'  hir);c  |ir<*)M)rtii>n  of'  nun-i-f/tnhineii  |ifnixi<le  of  in»n 
(MintuiiiMJ  in  th<-  inatti-r  found  on  lh«-  valve-t'iMi*  of'  th«-  «>n^in«-  ut 
V^ulen*-*'. 

Thi^M'  i'm-Xs  ap|M-:ir  to  \\\v  to  clearly  cxphiin  ilu*  <x»rro«i<»a"»  of  <vrtaiii 
l>oih'rs  ntfivin);  fatty  niattcrn  hrou^ht  ov«'r  iVoni  thr  c'%'liM<hTM  hy  the 
<\hau.«t  Mti'jiin,  or  wm-^X  to  hihri(-:itf  th<-  throttle  valve  of  hMtmiotive^. 

In  hK-tiniotivt-s  the  j^tisun  is  ^^'mmlly  takiii  fn»nj  the  up|ier  jMrt  of 
the  lM)iler  hy  ineniiH  of  an  iinnierHcd  elide  thnittle  valve;  the  oil  iif«d 
for  Inhrinitin^  the  latter  IxM^miw  Hutitnititi  with  in»n,  an<l  W'\i\)z  \\\\x.*- 
nuule  heavier  than  water  xinks  to  the  lM»tt4)in  of  the  lioiler  wh<n'  it 
attaek.s  the  iron  |»lat4-r4,  forming  in  them  th<»<e  exeitvation.-  which  an* 
only  found  when  fw-il-water  w  iwcd  «»f  su<*h  purity  a-  not  to  de|M»iit 
the  linie-t«rale  that  in  in<iHt  «'3Ls«-s  |>rt5*<'rv«>  th<'  lH»il«'r>. 

The  aH«'  ot'  mineral  oil,  thirkene<l  if  ne«fjs-<jrA-  with  wax  or  |>:iniiline, 
for  the  Itiliriaition  of  moving  |Hiii^  plaeetl  in  the  .ntenm,  would  lie 
without  donht  a  ^mmI  mi-3in>  of  pri'Ventin^  ehanp.■^  in  th«-  material  of 
.-ueh  orj^aiw. 

New  Clothing  Material. — A  litTlin  inventor  ha-  |Hitentcil  a  new- 
kind  of  elt.ih,  \vhi<li  •■.>ii-i'i-  |»rinei|ially  or  eiitin-lv  of  ?.|M>n^*.  The 
H|)oii^'s  are  firnt  thoroughly  U-aten  with  a  heaivy  hammer,  in  onler  U> 
crush  all  the  mineral  and  vi*p'table  im|>urities,  »«o  titat  they  mn  lie 
eit-ily  washeii  out.  They  an*  then  dri«'»l  and  pan^l.  like  a  |M)t;ito,  with 
a  sharp  knile,  the  |Kirin^  In-in^  x-wtrl  top-ther.  The  t'ahric  which  is 
thiLs  ohtaint**!  is  fn-e  fn>m  all  the  thuipT  which  Mtmetimis*  ariM?*  fn>n) 
the  al»>4>rption  <»t'  |Mti>4)notLs  dye>  into  the  >v>t»'m  ;  it  al»p««>rlw  without 
eluikin^  tlie  piTspinition,  so  a-  t«»  diminUh  the  danp.T  «»f  tjikin^  «xilil ; 
it  is  a  biul  (xmdtietor  and  theret*<»n*  iiel|k«  to  maintmin  a  uniform  surfatv 
tem|N'mture ;  it  can  U?  mon>  niidly  cleaiiMil  than  the  onlinar%-  woiden 
)pirmenl.s ;  its  tlexihility  diminishes  the  liidiility  of  chatin^  ;  the  ea'«4> 
with  which  it  kiwi  Ik-  emp|oyi<«i  iu  sIun-s,  .Htinkin^.  drawirs.  un<ltT> 
shirts,  hat  lining  luul  «>ther  artielo)  of  clothing  stxMiis  likely  to  make 
it  i-siKH-ially  astful  as  a  pmtectiou  !kfcain>t  rheunuuic  ajid  pulmonary 
attacks. —  FurtM'hr.  tlrr  ZiU.  (.'. 
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ZINC  VEINS  AND  WORKS  OF  LEHIGH  VALLEY. 


Zinc  ore  was  first  discovered  in  Pennsylvania  on  the  site  now  occu- 
pied by  the  small  village  of  Friedensville  (Village  of  Peace),  in  Lehigh 
county,  in  1845.  The  village  stands  at  the  head  of  the  beautiful  Sau- 
con  Valley,  rich  in  an  agricultural  sense,  and  doubly  so  in  minerals- 
iron  and  zinc.  In  1847  William  Theodore  Reepper,  a  resident  of 
Bethlehem,  and  later  Professor  of  Mineralogy  in  Lehigh  University, 
from  a  pure  love  of  science  wandered  over  the  spur  of  the  South 
Mountain,  that  separates  the  Saucon  Valley  from  Bethlehem,  and  was 
shown  by  a  farmer  (Ueberoth)  a  mineral  that  had  puzzled  the  local 
mineralogists  to  classify.  He  pronounced  it  to  be  "  calamine,"  or  native 
■carbonate  of  zinc.  This  hap-hazard  discovery  led  to  the  development 
of  the  apparently  inexhaustible  mines  that  have  for  more  than  a 
quarter  of  a  century  supplied  the  large  works  of  the  Lehigh  Zinc 
Company  at  this  place.  The  works  were  erected  by  Maj.  Samuel 
Wetherill,  now  of  Philadelphia,  in  .1853,  for  the  production  of  zinc- 
oxide,  in  furnaces,  by  a  process  of  Maj.  Wetherill's  invention.  The 
works  cost  $85,000,  and  on  October  13,  1853,  they  produced  the  first 
zinc-white  ever  made  in  America.  Maj.  Wetherill  commenced  his 
experiments  as  early  as  1850,  believing  that  it  was  possible  to  substi- 
tute the  oxide  of  zinc  for  white  lead  for  paints.  In  1852  he  success- 
fully invented  his  "  furnace  process."  This,  combined  with  the  "  bag 
process"  of  Richard  Jones,  Esq.,  made  the  matter  possible.  Before 
completion,  the  works  were  blown  down  by  a  tornado,  but  immediately 
rebuilt,  Charles  J.  Gilbert,  Esq.,  of  New  York,  being  Maj.  Wetherill's 
partner.  The  works  had  an  annual  capacity  of  2000  tons.  L^p  to 
1857,  when  Messrs.  Gilbert  &  Wetherill  sold  out  to  "  the  Pennsylvania 
and  Lehigh  Zinc  Company,"  the  product  had  been  4775  tons  of  oxide. 
This  company  was  composed  of  New  York  capitalists,  with  a  capital 
of  $1,000,000,  and  Thomas  Andrews,  of  New  York,  was  the  first 
president.  Maj.  Wetherill  continued  in  the  superintendence  of  the 
works  until  1857,  when  he  was  succeeded  by  Mr.  Joseph  Wharton,  of 
Philadelphia.  The  latter  leased  the  works,  and  his  financial  ability  and 
his  means  and  credit  floated  the  concern  through  the  financial  storm  of 
1857.  In  1860  the  title  of  the  company  was  changed  to  the  Lehigh 
Zinc  Company,  and  it  is  now  a  strictly  Philadelphia  company. 
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TlM-rt<r  works  |»nHliic«-<l  tin-  firvt  metnUir  zin«*  riia<If  in  America.  Maj. 
AV«'(lnTill  li:ul  iiia<l»'  iiiaiiv  «-\-|MTirn«ntf'  I<Mikinj;  to  tlu-  |»nn|ii«'tioij  of 
iiu'tiillir  ziiM-,  Inif  li.ul  Im-^ii  urjly  jtartially  r.in"«t'.«ssfiil.  In  ^H/iH  Mr. 
AVImrtnii  <'«>iitnu*t«*<l  for  tin*  cn-i-tioii  of^iM-ItiT  work-,  :iii<l  tln*ir  r-n^^iion 
wjiM  ♦•ntnisti'*!  to  .Mr.  I/^Mii"  !)«•  (!•'<•,  of  tin-  tirin  of  Ih-Cit-*',  (tcniant 
•«'t  ('if.,  of  ( )ii^nT,  Ik'l^iiiiii,  wlio  lia<l  lufii  iiidiuttl  to  (tun*'  to  tin* 
l'iiit<H|  Stat4'x  for  this  |>iir|HiM*.  Thos*'  works  were  put  in  MnwwHfiil 
o)M*nitioii,an(l  |)riM|iic<>(I  tlirtirst  iiiftallic/.inc  in  .Inly,  iHfiO.  Tlic*  o|M'r- 
:3itivcs  in  tlii-^  <l<'partin«iit  wen-  at  that  titn<-  irii]>ort«-«l  (t*mu  Ii<*l^iiin,  ami 
inilMtrtation  of  li<'I;;ian  cxiM-rts  an<l  workman  hav«*  U-t'ii  fnijuent  siniv. 
ThcHC  rt|)<»itor  w«>rks  havr  In^'n  in  a«*tivr  o|KTation  from  that  time,  an«l 
-cliirin^'^  thf  l'Vaiico-l*rns-ian  ami  Tnrko-Kn.-vsian  war,  the  Knniju-an 
<l»'iiian(l  n|Hiii  iJu' works  \v:i- vi-rv  l;irL'«'  f"r  tin- maiiiifai-tnn- of  <-irtriilL" 

In  all  that  |M>rtains  to  th«-  original  in  tht-  a|i|tli(-itioi)  of  zinr  tlioH 
Works  S4fni  to  Icatl.  The  firnt  sheet  /ine,  :l-  well  :ls  the  first  s|wlter. 
\sx\K  hen'  rniwle.  Fmh'r  the  .sn|H'rintentlen<^««  of  H.  C.  Wehstcr,  hwj.. 
then  and  siruv  IHG.'J  Pn-siilent  of  the  CoiniKiny,  a  mill  for  the  rolling 
<A'  sheet  /ine  wits  «Te<'t<'<l  in  l.S»;|  and  iMfl'j.  Ale.x.  Trip|Hl,  who  had 
Ikh'H  s<'nt  to  Knro|M'  to  aerpiaint  himM.df  with  the  pnMlnrtiMn  of  slu-^t 
yinr,  had  Mn|M'rvision  of  the  cre<'tion.  The  firxt  sheet  zin<'  in  Ameri«-a 
\v:l<  rolle<l  ill  tln>«'  works  in  April,  iSJjr). 

li«'fore  des<ril»in^  the  luiiio  that  snj)ply  all  these  wi»rk>,  and  whirh 
an-  a  woiuhr  in  tlnir  way,  a  hrief  deseription  of  the  liiiildinp^  and 
the  jutH-ess  of  iiianiifaetiire  will  not  Ik*  without  intenrst.  The  oM  oxide 
w«»rks  inelnde  alMnit  twt»  aen-s  of  hiiildinp^,  fnrnaii's,  tower,  dr\-  n»om. 
Ixi^  HMHii  and  |Niekin^  hon.si>s.  The  on?  for  this  piiqMWH>  Ls  ^mniid  tine 
hy  a  stone  ernsher,  and  then  t-anfnlly  mixe»l  with  «"t<il  known  a- 
^' hnekwlinit,"  next  in  ^nule  to '*  peji."  It  is  then  tnin>f«'rn'«l  to  the 
fnnuu-es,  of  which  then*  an-  54,  with  l.'tlM)  feet  of  jjnite  surfae*. 
Within  tlu>se  the  niixe<l  etwl  and  on*  is  n<dneed  by  the  ilins't  aetion  of 
heat  and  the  eold-hhist  ii|M)ti  a  furna<*«'  lieti  having  a  iniilti|iliriiv  nf 
small  hohrs,  e:u'h  prtHlncin^  tin-  n"«linin^-rtame  of  the  li|i>w-pi|>«-.  The 
7.ine  oxide  rim»«,  {ttLsses  thnnif;h  a  huj^'  oimlmstion  Hne  to  a  larp-  «'ir- 
<Milar  t«>wer,  50  \W\  hi^h.  in  whieh  the  oxitle  and  ash»>  MiKirati-.  Tht- 
jtslu's  In-in^  hi':ivier  than  tin  oxi«le,  the  vehM-ity  «»f  the  tans  whieh  im- 
|H'I  the  pHMluet  forwani  lilV  the  oxide  to  the  top,  :uul  the  .vhe?.  ilmj. 
to  tlu'  lM>ttom.  The  oxide  is  tVmN<il  onwanl  thnxi^h  a  on»linj;-n»om. 
aiw)  80  by  40  feet,  and  heate<l  to  tn>m  4«H)  to  70<>  de>J^w«^  Kahn>nlieit. 
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Tlience  the  oxide  is  blown  through  hirge  flues  into  the  "  bag  "  room. 
This  is  a  huge  building,  devoid  of  furniture,  excepting  long  bags  of 
muslin,  45  feet  long,  in  which  the  oxide  is  dej)osited.  It  is  now  white 
as  snow, 'and  after  being  kiln-dried  and  bolted,  it  is  placed  in  bags,  and 
by  heavy  pressure  reduced  in  bulk,  barreled,  and  is  ready  for  ship- 
ment. 

The  spelter  furnaces  cover  a  space  about  one-half  that  occupied  by 
the  oxide  department,  taken  up  by  rooms  for  storing  ore,  grinding- 
roonis,  dry-room  for  retorts,  pottery,  reverberatory  furnaces  and  spelter 
furnaces.  Of  the  latter  there  are  thirty-two.  The  ore,  having  been 
ground  and  mixed  with  coal,  passes  through  the  reverberatory  fur- 
naces. In  calcinating  it  changes  from  a  blue  blende  to  a  deep  yel- 
low. The  sides  of  the  furnaces  bristle  with  retorts.  These  are  charge  I 
with  the  calcined  blende,  the  mouth  of  each  being  covered  with  a  fire- 
clay condenser.  An  intense  heat  is  maintained  by  fires  beneath,  and 
conden.sation  takes  place  within  the  cones.  The  metal  is  then  drawn 
out  into  ladles,  poured  into  iron  moulds,  forming  ingots  about  Ih  inches 
deep  and  7  by  22  inches  in  size.  When  cooled  the  metal  is  ready  for 
the  sheet-mill  or  the  market. 

The  rolling-mill  is  a  brick  structure  103  by  64  feet.  The  sheets  are 
heated  in  ordinary  annealing  furnaces,  and  are  rolled  by  ordinary  two- 
high  sheet  rolls.  The  secret  of  polisliing  the  plates  consists  in  rolling 
numbers  of  them  at  a  time  and  changing  their  position  in  the  "  pile," 
the  friction  doing  the  work.  As  early  as  1857  Maj.  Wetherill  had 
sent  some  metid  to  the  sheet-iron  mills  of  the  Messrs.  Wood,  which  was 
successfully  rolled  and  showed  the  malleability  of  the  metal.  The 
polish  was  wanting.  When  Maj.  Wetherill  first  saw  the  simple  pro- 
cess by  which  the  metal  was  polished — and  considered  how  much 
thought,  time,  labor  and  money  he  had  spent  in  trying  to  find  the 
secret — he  relieved  his  mind  with  a  cavalry  man's  expletive  and  walked 
away.  The  sheets  are  cut  into  any  size  desired,  and  a  recent  invention 
enables  the  company  to  cut  circular  plates  for  stoves,  of  which  there  is 
a  large  demand.  The  American  sheet  zinc  supplies  not  alone  the  home 
market  now,  but  much  of  it  is  sent  a1)road.  It  is  fully  up  to  the  stan- 
dard of  the  popular  "  La  Yieille  Montaigne  "  of  France,  and  becau.se 
of  its  freedom  from  arsenic  and  iron  is  often  preferred. 

The  capacity  of  these  works  is  as  follows :  For  oxide  of  zinc,  3000 
tons  per  year ;  for  metallic  zinc,  3600  tons  per  year ;  for  sheet  zinc 
about  3000  casks  or  1800  tons,  or  about  one-half  the  annual  cousump- 
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tion  of"  tin;  couiilrv.      From  ."iOO  to  o(J()  nu-n  anM-nij»I<ivc<|  l»y  tlM-ouii- 
|Kiny,  and  4(),(MKJ  tons  of  (-ojil  art*  annually  ("oiihunuil. 

All  llii-  lijis  jrrown  u|)  I'mni  I'rot'.  Uoc'|»|k.t'.s  di*tiverv  in  the  Sum^jii 
N'alicy,  and  it  is  worth  while  p-turninjr  to  this  jM»int.  The  niinc^  arc 
t'uur  miles  away  I'mm  the  wi»rk>,  ami  all  tln'  ore  is  hauleil  liy  hwivy 
t<rjims  over  th<'  ri>u;xh  muiintain  r<>:ii|-.  The  e()n>um|>tion  of  on*  taken 
from  tlies4'  mines  h:t-<  rearlie<|  the  enormoii*  <|uantity  of  H»,(MM>  ton>  in 
a  >in^le  year,  including  rich  l»lc'n«le,  whieh  \\:\n  Ihi-ii  tIevoh»|M-<l  in  tin* 
{»r«»>;n'Srt  «)f  mining.  The  niuin  shaft  ix  200  feet  tlti'ji,  an<l  the  valley 
is  an-he<l  and  tutinellod  and  eiit  away  to  a  ^ruit  depth  and  in  a  jM-rfiil 
network  Ut  \ri'i  ;it   the  s<';inis  of  the  veins. 

All  al>ont  are  evidences  of  a  violent  nplusival  in  tlie  \oi\y^  a|;o,  and  in 
the  crevices  l)etwe<'n  the  rock.s  the  (calamine  or  hlemle   xa  found,  with 
vein.s  of  iron  ore  at  times   mixe«l  with    tlu;   zinc  vein.-.      The  veins  arc 
f«»llowe<l    un<ler,  over    and    around    huj^e    nn-ks,  which    an-   tan-fullv 
pro|>)M><l    up,  and    the    lejwls   are   a    |Mrfect    lahyrinth    <tf  roekv-l>cj^irt 
aish's,  a  wonder  to  In'hold.and  a  rare  study  for  the  ^ndo^ist,  the  met:il- 
lur^ist  and  the  en^ini^T.      liut   the  curiosity  of  the  mines   is   the  mon- 
ster engine — Indieve*!  to  Ik'  the  lar^-st  and  iu<*»t  |K)werful  in  the  world 
— and,  in   honor  of  the  efficient   President  of  the  CV»m|KUiv,  happilv 
named  "  WelHter'.s  Unal>rid>fe*l."     At  ju»   early  day,  and   at  a  shallow 
tli'ptii,  water  was  enc<iutitere<l  in  working   thes*-   mini's.      It  w:l><  <»ver- 
coine  hy  a  small    jMimp  W(»rke«l   by  a  single-horse   jKiwer.      loiter  thi> 
wiu<  lollowi-^l  l»y  a  donkey  pump,  still  us<-«l  for  drt^vMil  on>.      Then,  a- 
the  miniis  went  ilownward,  mint'  a  liunion   engine  of  .JU-horse   jniwer. 
This  w:ts  followeil    in    IHG.'J   by  a  CoriitiH  engine  uf  lOO-horse  |M>wer, 
working  a  series  of  (vntrilugal    pumps,  which  found   their  limit   at  a 
tieptli  of  Go   feet,  with    lolK)  gallons  of  wat^r    |M'r   minute.      Hut   the 
water  came   fitster  than   the   punqts  ctiuM  renjove,  and   the  ct)m|Kinv 
iliH'idwl  t<)  make  sonu'  la«<ting  provi.siun  for  eontritljing  it,  hv  establish- 
ing |M»wer  to  n»is<'  4(HK)  pdlons   |kt  miiuite  fnun  a  *lcpth  of  loO   ftvt, 
if  so  nuieh  shoidd  Ik-  found,  and    to  this  end  they  ereitetl  and   -tartixj 
in  iHOo,  an  engin«'  of  .•{•J-inch  <ylinder  :u)d   nine  feet  strt>ke.  working 
two   22-in<h    lifting    |»ump>,  to  which    a   thin!   2"J-inch    lift  wax  .s«K»n 
addetl  with  17  >trokcs  jht  minute,  and  the  .>'haft  lurrieil  «lown  to  122 
feet  in  1H«U;,  wlnn  it  eneountenxl  and  niiscil  5G(X)  gallons,  ami  then- 
foiMid  th<-  limit  of  its  (a|>acitv. 

.Mr.  .lohn  W  t-st,  the  engimvr  of  the  com|KUiy,  had  already  matunil 
a  plan  of  engine,  pum|>»  and  shults,  for  rai.><ing  12,tK.H)  gjillons  jmt 
Wholx  No.  Vol.  CVIII.— (Third  Scrikh,  Vof.  tixTiii.)  |«< 
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minute  from  a  depth  of  three  hundred  feet,  and  in  December,  1868,  the 
company  contracted  with  the  Messrs.  Merrick,  of  Philadelphia,  for 
this  new  engine,  and  a  year  later  with  Messrs.  I.  P.  Morris  &  Co.  for 
the  pumps,  boilers  and  mountings.  The  timber  for  shaft  and  pump- 
rods  was  brought  from  Georgia.  Tiiis  engine  and  its  pumping  appa- 
ratus were  set  in  motion  January  19,  1872,  in  the  presence  of  a  large 
concourse  of  people  and  amid  interesting  ceremonies.  A  technical 
description  of  tlie  engine  is  not  wanted,  but  the  following  particulars 
will  not  be  uninteresting :  The  engine  has  a  pumping  capacity  of 
17,000  gallons  per  minute  (and  has  run  to  19,000  per  minute  in  an 
emergency),  raising  water  from  a  depth  of  350  feet.  The  engine  alone 
weighs  650  tons,  and  including  the  pumps  and  boilers,  the  total  weight 
of  the  machinery  is  1000  tons.  The  cylinder  is  110^  inches  in  diam- 
eter; length  of  stroke,  10  feet.  The  heaviest  pieces  of  iron  in  the 
engine  are  the  sections  of  beams,  which  weigh  24  tons  each.  The  fly- 
wheels, of  which  there  are  two,  weigh  75  tons  each  ;  crank-pins,  1  ton 
each.  The  piston-rod  is  14  inches  in  diameter.  The  crosshead  weighs 
8  tons.  The  connecting-rods  have  9-inch  necks,  are  15  inches  in  the 
middle,  41  feet  2 J  inches  long,  and  weigh  11  tons  each.  There  are 
two  air-pumps,  50  inches  in  diameter  each.  The  engine  drives  four 
plunger-pumps,  each  30  inches  in  diameter  by  10  feet  stroke,  and  four 
lifting-pumps,  each  31^  inches  in  diameter  by  10  feet  stroke,  the 
plunger-pumps  being  uppermost  and  stationary.  The  lifting-pumps 
are  in  the  bottom,  and  are  movable,  so  as  to  go  down  as  the  shaft  is 
sunk.  To  handle  these  pumps  a  steam  capstan  capable  of  lifting  50 
tons  vertically  is  used. 

The  foundation  that  holds  this  moving  mass  of  iron — and  it  moves 
without  a  jar — is  a  marvel.  The  bob-wall  of  solid  masonry  9  feet 
thick  was  commenced  on  a  plat  of  solid  rock  114  feet  below  the  sur- 
face. The  foundation  for  the  engine  is  32  feet  deep  below  the  bed- 
plate. The  engine  is  estimated  at  3500  horse  power.  The  engine  is 
conceded  to  be  the  largest  fixed  single  engine  in  the  world,  that  at 
Harlaem  Meer  being  a  compound  engine,  with  one  cylinder  within  the 
other.  She  works  comfortably  at  12  strokes  per  minute.  Altogether, 
this  engine  is  a  marvel  of  mechanical  engineering  and  mechanical 
skill,  and  it  has  attracted  visitors  from  all  sections  of  the  world. 

This  monster  is  now  standing  idle.  Recently  the  company  dis- 
covered a  new  vein  of  blende,  which  they  are  now  working  without 
any  interference  from  water.     This  vein  is  not  only  very  rich,  but  ha* 
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H«»iii<'  vcrv  |M'<Miliar  and  verv  «l«'?iinil)k*  «-|ianM't<THti«'>*,  Ix-iiij;  available, 
w  lini  workc*!  witli  hnu^-  or  rupiM-r,  for  iMiriM*?^-?.  iinknowii  to  onlinan* 
zinr — aiiiun^  otiici-s,  that  ol"  making  iiietullu'  •iirtrulj^'s.  The  o**!  of 
ruiiniiij;  tlic  \;\r\if  »'iij;iiif  wm^  -o  j;n-:it  that  for  a  tiiin-  it  wa,*;  f^in-*! 
liioi'  work."-  would  liavi'  to  clox'  up.  An  advantii^j-ou."*  c-ontrat't  and 
the  <li.*ic<jvt'rv  of  the  new  vein  have  avt^rt*-*!  thi.**  cidaniity  to  Stjutli 
Jicthlehciu.  The  \v«»rks  cNfupy  W\\  arn-s  of  ^i^roiind,  and  their  (iiKt  has 
Ixvn  a<  folL.ws:  O.xide  work.-,  $12o,<KX> ;  s|M-lu:r  works,  $1(KJ,CMM» ; 
rolling'  mill,  :giol,(X)0.     Total,  l?27«,(HX).— /V>/ir  Udyer. 


al<;kki.\n   ikon  okics.     mim^  <m    ai.\-si:i>ma. 
nkar  colu). 

Trannlnlcil  for  the  Joi'RNAU 

I{«'»*ulth  of  analyst*  made  at  the  S<'h«K»l  of  Min^-s,  I'aris,  Au^.  21, 
1.h7«»,  I»v  Moiis.  \.  ('arnot,  Kiiginecr  of  MincH,  l>ire«-tor  of  the  Askiv 

liiinaii. 

SAIII|ilfa 

No.  a.  No.  9.       No.  16.      N...  Jtt.      No.  21. 

Silica,          .                  .     .V  2-           2-60       2-            2:M) 

.Alumina,  \'VM       tnwf       tniee 

Peroxide  of  iron,        .  .S!>-«J(>  J»y-          \\iVi\{\     HH-          J»Sf;u 

(>.xideof  inanpines4>,      trace       tmce       tnuv       tra<T 

Lime.  ();U>       ()'2<»       tni«x» 

.Ma^MK^sia,  .  <>15       0-15       

Sulphuric  a<id,  .VliHent  in  all  the  s|Hvinieiu« 

PhoHphorie  at!id,              (>ln  005      tni«v       on.',       ()(».5 

liOKs  hy  «':ilcination.     .      .{•.'JO        

'r..tals,  .  \)\)l'i   lOloO     l>l>-4(»   KMHJ.j   nHelK") 

Pure  in»n,  .  ^VlVl     »)^*«;t     'WrMS     r,?  y5     6H-36 

Names  of  the  ores  : 

No.  3  Iit>(loiix  bed  (mi«':»tt»uj*;  "/«t  (JojiMe"\ 
\)   Almont  Idid  (ma^^ni-tio  oxide). 
H)  ('ani.s.sa  Incline  inui^netie  o.xide). 
20  ( 'ants(>ji  Ix'Vel. 
*    21    Ijiupiai.s. 

N<>*.  }>,  UI,  20.  21  (>oiitain  sul»o\ido  of  inm  [jrr  orydulf),  wheiux-  a 
slight  uuginentiition  in  the  |K'rvvntage  of  iron. 
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C^IKKN'S    \i:\y     lOK.M    ol'    nsLKVS  COMl'oINJ) 
I'KMMIJ  M. 


The  ulyjH't  of  this  in-triiiiK-ut  is  to  Inuf  the  rh-jpiiit  ciirvi^,  «"«>rn3»- 
|M)ii*lin^  to  .sonorous  vihnitioiis,  m>  well  known  un<ler  tlie  luinie  of 
Lissajon's  figure?*.  With  LissjijouV  instrument,  the  fipircx  an*  only 
visible  while  the  forks  continue  to  vihrat*',  and  they  only  ^ive  the 
elenieiitarv  forms,  while  the  eon)|M)Un(|  |M-n(luluin  ^iv«-s  iL->  a  |MTn)anent 
-M't  <»f  complete  tracinj^,  ehrpmt  in  «lesij;n  an<l  of  infinite  variety. 
TIh-v  i-in  he  |»re>4Tve<l  fi)r  year*,  and  xtudi)-*!  at  li"i>ure. 

"  Tiiis  instrument  is  not  limite<l  to  (tTtain  ligure>  or  ifrtain  elas»<e»* 
«»f  Hj^uri-s.  It  will  tnu.v  with  «'<|ual  csmt  tiie  eiejfiuit  curve*,  rfpnrsent- 
injr  all  the  musical  intervals,  and  un  endh^vs  variety  of  other  <'urioU"» 
<-urv»-s,  c<irrc>|M»ndinj;  to  the  gradual  <-hang»>  lietwii-n  uniiMjn  :u)d 
4K>tave,  <H-t;ive  ami  Hfth,  and  pMiemlly  U'twei'n  the  funtUimcntuI  and 
its  harmonio. 

"  lii-sides  thes4'  chan;:et'ul  |»ha««ef<  it  may  «les<Til»e  others,  wliich  have 
no  tMjuivah'nt  in  mu>ic.  in  most  i^scm  >uch  fij;ure>  will  U-  extn-mely 
<omplcx,  hut  always  rip»rously  symnietricitl.  \\\  the  optic:d  methtid, 
the  c«iii>«iiiaii<-e  or  di.ss4inance,  :l«<  already  >tat«tl,  i^  repn>ent«««l  l»v  a  nu-n* 
outline;  hut  the  <*«)m|Htund  |Hndidum,  after  tinst  tracing  this  elementar%- 
i'orm,  tills  up  the  cucIomhI  s|iu(t;  witli  an  exact  rvproductiiui  of  the  sujue 
<urve,  always  in  a  ^nulually  dMrea^in^  m^jiIc  until  the  vihnttioiL'^  die 
jiway.  We  have  thus  a  M'rie>  of  curvi-?*  within  curvt>,  which  ph«s«' 
l>y  their  ele^uit  form  and  marvelous  rejrularity  ;  but  the  eye,  ^raiitieil 
at  tirst,  is  mmju  l>ewilden><l,and  at  la<t  is  lo>t  in  the  mid>t  of  tU-  ap|Ki- 
n-ntlv  endl«*ss  ^ynitorv  wel»." 

i'his  v»ry  interesting  instrument,  in  the  form  prejH-ntetl  in  the  Hifure, 
is  s|M><ially  adapted  for  iim-  with  the  vertic-iil  or  upright  lantern  ;  it 
omsists  of  two  jMiululums,  /'/*'.  which  conjointly  move  the  p<n.  The 
ap|«iratus  !»  simph-  and  c;i.-«ily  worketl,  the  two  |iendulums.  /*/*',  ar>' 
Italanceii  on  knife  e<lp>s  at  .LI '.and  continue<l  almve  their  axis  t»f  s«>- 
|N-nsion  to  cc',  fmm  which  |M»ints  pr^tjtvt  two  hntss  arms  ry*  and  r  y>, 
which,  when  the  |H>ndulums  arv  quiiwceut,  nuvt  at  ri^ht  an^lt>  in  ;<. 
IVrftvt  freiMJom  of  motion  in  every  direction  is  ohtaimxl  by  c(tnn<<iiin^ 
these  with  the  |>cndidums  by  Udl  and  stK'ket  jt»ints  at  «v'.  Two 
lhre:ids.  //',  an'  fjtst<ni\l  at  their  upfHTends  to  delii-xite  sprinpi.  attached 
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to  the  brass  arms,  cpc'p,  and  at  their  lower  ends  to  an  adjustable 
screw,  d,  bv  means  of  which  the  tracing  point,  p,  may  be  raised  and 
lowered  without,  in  any  Avay,  affecting  the  vibrations  of  the  pendulums. 

The  brass  plates,  sliding  upon  the  pendulmns,  are  intended  to  receive 
the  weights,  which  can  thus  be  placed  at  different  heights,  and  the 
relative  rate  of  vibration  of  the  two  pendulums  altered.  The  sum  of 
the  weights  used  should  vary  from  5  to  12  pounds.  TFis  a  weight 
sliding  upon  its  pendulum,  and  counterpoised  by  a  weight  T.  The 
object  of  TFis  to  slightly  change  the  rate  of  vibration  while  the  pen- 
dulums are  in  motion.  By  this  means  the  pendulums  can  be  adjusted 
very  accurately,  or  if  desired,  one  can  be  given  a  small  fraction  of  a 
vibration  in  excess  of  the  other,  it  can  be  entirely  removed  if  desired. 

To  exhibit  these  beautiful  effects  to  an  audience  a  plate  of  glass, 
blackened  by  burning  camphor,  is  placed  upon  the  vertical  lantern,  as 
shown  in  the  figure,  the  requisite  weights  are  added  to  the  pendulums 
and  they  are  set  in  motion. 

Then,  if  we  want  a  curve  corresponding  to  an  octave,  one  of  the 
pendulums  must  make  two  vibrations  while  the  other  makes  one. 
Having  ascertained  this,  we  start  the  pendulums  together,  then  lower- 
ing the  pen,  the  beautiful  curves  will  be  traced. 

"  It  is  not  easy  to  imagine  a  more  striking  experiment  than  that 
afforded  in  the  present  instance,  by  the  noiseless  and  gradually  decreas- 
ing sweep  of  a  pen  point  gliding  over  its  sinuous  path,  in  obedience  to 
the  oscillations  of  two  conjoined  pendulous  bodies,  and  tracing,  before 
the  eyes  of  admiring  spectators,  curves  of  maze-like  intricacy  and  yet 
of  faultless  symmetry.  As  in  music,  the  simplest  harmony  is  the  most 
agreeable  to  the  ear,  so  with  these  figures,  the  simpler  the  proportions 
between  the  vibrations  of  the  pendulums  the  more  pleasing  are  the 
resulting  curves." 

Fac-simile  copies  of  tmcings  made  Avitli  the  new  instrument  are 
given.  These  beautiful  tracings  can  be  preserved  for  years  by  simply 
flowing  them  with  collodion.  James  W.  Queen  &  Co.,  of  Philadel- 
phia, are  the  manufacturers  of  this  instrument. 


Protection  of  Iron  against  Rust. — A  varnish  composed  of 
120  parts  mercury,  10  parts  tin,  20  parts  green  vitriol,  120  parts  water, 
and  15  parts  hydrochloric  acid  of  1*2  sp.  gr.  furnishes  a  good  coating 
for  iron  that  is  exposed  to  the  weather. — Oester.  Zeitsch.  C. 
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A.MKKK    \\    <  KkA.MiC  (LAVS 


Tlu'  niat<'ri:il.s  for  iiiakirij;  cvfrv  (lc's<Ti|itioii  ot"  fictile  wan-  an*  t<>iin«I 
widely  <liMtril)ut<'<l  in  tin-  I 'iiit4'«|  Stat<^^.  As  early  x**  17»)(i  AnuTi«-in 
••lays  were  im|M»rtnl  into  Kn;,'laiKl,  «-:i|itaiiLs  on  their  return  vova^e> 
often  takin;^  siiniples  from  tlie  ( 'ar<»lina.-<,  (ie<>rj;ia  and  Florida.  Munv 
of  iIm-s*'  re;ielie<l  \V<'<l^;wiMMi,  who,  in  allusion  to  one  of  them  si\>: 
"  It  will  reijuin'  some  [M-euliar  manap-nienl  to  avoid  tin-  ditli<-ultie« 
attirndin^  the  u.s«'  of  it.  "  Thesr  trials  turne<l  out  well,  as  we  find  him 
makin;^  arnui^^ements  tor  a  regular  >u|>|>lv  from  Avor,  in  tlu'  o»untrv 
of  the  ( 'henikei-s,  ai>out  thrit-  hundre<l  miU-s  from  (.'harle.ston.  He 
desired  u  mono|>oly  hy  [Kiteiit  or  parliameiitiir)'  ^jrant,  hut  ultimately 
sent  out  an  u^ent.  In  17(iH  a  e:ir^)  «»f  Carolina  clay  n-su  he<l  Liver- 
|Mx»l,  an<l  the  tnide  U-i^une  j^eneral  in  the  ( 'herok<><'  and  l*en.sar"ola 
clays,  Wetl^wiMMl  apparently  ijivini:  tin-  |»refcrenee  to  the  latt«T. 

Americji  contrihute*!  to  ('<M»k worthy's  invention  of  |>oreelain  in  17*>U. 
In  174')  an  Amerimn  had  >hown  ( '<M>kworthv  siM-^-imetir  of  kaolin  and 
|M'tunts«'  found  in  X'ir^inia,  and  simphrs  of  the  ware  made  from  ilu-ni. 
It  is  kuolin  which  is  ussentinl  to  the  Mue<x»s  of  the  nmnufacture.  The 
final  practic:il  etlin-t  of  Mr.  ( "(M»kwortliv's  ass4N-iation  with  the  Ameri- 
can Wits  the  fountlation  of  the  Kn^lish  |M»rceluin  in«lu-try.  The 
acknowle<l^ment  is  thus  made  in  the  ditalo^ue  of  the  MiLsi'Utn  of 
I'nictiinl  (iW)lo^y,  lyondon:  "The  ^r«it  advance  of  the  ixtn^elain 
mamifactun'  of  Kn^land  is  due  t<»  the  dis4"overv  of  kaolin  in  ('ornwall, 
l»y  William  ( '(M)kworthy.  of  IMymouth,  al>out  175').  He  app:in'ntlv 
lia*l  his  attention  dinn-te*!  to  the  sul»je<'t  hy  an  American,  who  showe<i 
him  simples  t»f  china  stone  and  kaolin  from  N'iririnia  in  171')."  ( )ne 
hundriil  and  thirty-two  years  later  the  c«»untrv  fn)m  which  tin-  -uir- 
^"Stion  cjiinc  is  im]>ortin^  kaolin  from  that  whi<'h  rpccive»l  it. 

The  clay  of  W'tMxlhridp-  w:is  known  Ix-fon-  the  Revolution;  the 
>««.>ltliers  at  Perth  .Vmlxty  c:ill«ti  it  fulh-r's  earth  and  iLseil  it  for  clesmins; 
their  huckskin  hn-ti'hcs.  In  lS(H>the  S>uth  Amlnn-  clay  was  thij;  for 
making  stone-wan\  an«l  after  IS  12  the  use  of  Now  Jersev  clavs  for 
fire-hricks  and  other  n'fnutory  material  lM«;^an.  Sw»n  after  iSltj  Mr. 
Price  was  shippint:  fin'-clay  from  NNiNnlhritlp-  to  Il^cton.  to  Im>  umiI  in 
making  tire-hricks.  In  IS'JO  Mr.  .Fa«"«»l)  Felt,  of  Ikiston,  starteil  a 
tnulc  in  the  clay,  huyin^  it  at  2')  cvnts  |M'r  ton.  which  tnide  wa**  main- 
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tained  for  years.  The  Woodbridge  deposit  is  very  rich,  and  is 
now  extensively  worked.  It  can  be  used  for  fire  and  pipe-clay,  and 
for  white  ware.  In  1855  clay  for  fifty  million  fire-bricks  was  taken 
from  the  pits  at  Woodbridge,  Perth  Amboy  and  South  Amboy,  a  large 
quantity  being  for  fine  pottery.  In  1868  the  production  had  doubled. 
In  1874  265,000  tons  of  fire-clay  were  dug,  and  an  average  price  of 
$3.50  per  ton  realized  $927,000;  20,000  tons  of  South  Amboy  stone- 
ware clay,  at  $4  per  ton,  realized  $80,000 — an  evidence  of  the  value 
of  the  deposit.  The  term  "kaolin"  is  frequently  applied  to  the 
native  clay  as  found,  before  being  separated  from  its  impurities.  In  a 
report  from  the  secretary  of  the  United  States  Pottery  Association  for 
1876  he  observes  that  the  clay  or  kaolin  mines  of  the  United  States 
have  been  wonderfully  developed  in  the  past  few  yeai'S.  Rich  and 
inexhaustible  beds  exist  in  the  following  States :  Delaware,  three  ex- 
tensive dejwsits;  Pennsylvania,  three  very  fine  mines,  which  are  being 
worked,  and  the  whole  of  Chester  county  abounds  with  as  fine  a  deposit 
as  England  can  boast;  in  Illinois,  Missouri  and  Indiana  large  and  rich 
deposits  are  being  worked;  New  Jersey  abounds  with  ball  clay  and  all 
kinds  of  fire  and  retort  clays,  while  Maine,  Connecticut  and  Maryland 
furnish  feldspar  in  abundance,  and  Pennsylvania  and  Maryland  have 
endless  quantities  of  quartz  or  silica.  It  may  appear  singular  that  the 
Union  Porcelain  Works  at  Greenpoint  import  kaolin ;  but,  as  remarked 
by  Charles  de  Bussy,  the  decomposition  of  feldspar  in  situ  does  not 
itself  serve  for  the  fabrication  of  porcelain. — Jour,  of  App.  Science. 


Economy  of  the  "Compound"  Engines. — M.  A.  Ledieu  col- 
lates the  comparative  experiments  of  Hirn,  Leloutre,  Hallauer, 
Dwelshauvers-Dery  and  Grossetete  with  the  common  system  and  the 
Woolf  or  compound  system.  The  comparisons  are  made  with  especial 
reference  to  the  complicated  and  injurious  effects  of  the  heated  walls 
of  the  cylinders  and  of  the  internal  changes  in  the  steam  pressure. 
The  great  skill  of  the  engineers  who  conducted  the  experiments  gives 
great  value  to  the  results.  Ledieu  finds  am})le  reason  for  the  great 
reputation  of  the  compounds  among  merchants  and  naval  officers  in 
their  steadiness  of  action,  their  slowness  of  wear,  and  their  economy  of 
lubrication.  Some  opponents  of  the  Woolf  system  lay  great  stress 
upon  the  cost  and  weight  of  the  machinery,  but  their  objections  are 
fioon  compensated  l)y  the  continued  economy  of  fuel  and  lubrication. 
Comptes  Rendus.  C. 


Oct.,  IHTtt-l  -f^  jWufitir  SjMirk  Dinrhfiif/r.  27*5 


A  rKciiJAi:  >1'ai;k  dim  iiai:«.k. 


When  the  clectnHlcs  of  an  iixliictioii  up|turatii.H  (•«»iu<i.Ht  of  a  j¥»int 
uiul  a  l»all  r»r  plate,  the  Ktrikiujr  <listarut'  of  tlie  spark  pnxliK'*'*!  is  «-oii- 
>ii|tnil>lv  jrr<at<r  if  th«'  point  ffirni  the  jM**itive  jm»1c  aiul  thr  plate  tin- 
negative,  than  if  tin  |»<>in(  Im-  iie^tive  an<l  the  |»Iate  positive.  With 
(Ih-  Iatt4'r  arran^'nn-nt,  unth'r  fi-rtain  eon«lition>,  Ilerr  Ilaiikel  (of  tin- 
Jvcipsic  S(K-iety  of  SiiiuH-w)  has  ohscrve<l  the  retnarkahh-  f:M-t  tliai 
from  the  negative  jKiint  y/'MfiV/rr  eiwtricity  may  j>aHs  <>ver  in  lonjr  sptirks 
tn  the  op|M»«ite  plate. 

To  the  jMtle  of  an  in<hn-tion  apparatn*,  \vhi«'h  ir«  |Mr>itive  lor  th»- 
l»reak  of  the  current,  a  hliint  |M>int  \v:l<  atta«he<l,  aiul  opjui^ite  to  it 
^\•:^s  fix***!  a  hnv^  <li8e  2<MI  mm.  in  liiameter,  whieh.  with  the  nt-vrativo 
poN'df  the  indiK-toritim,  wa>  <-<>nn<'ct<'<l  to  the  e:irth.  \N  ith  fhis:irran;re- 
mrnf  tlnTc  pav^itl.  at  an  interval  ut"  2i(>  nun..  /.i^:/:i^  .sjuirks  fp>m  tin- 
point  tu  the  plat*',  wliilr,  with  j^n-ater  interval.'<, a  hru.«ih  ili.Hi-harjrr  t<w>k 
plarr  tViini  tin-  |M»int.  Thr  |Miint  In-inir  thm  made  the  in'ir.itivr  |m(1«- 
of  the  induetorium.  In  turning:  tin-  commutator  (the  primary  curnnl 
havinjr  the  .mime  strength),  sjmrks  first  pits«*e<l  at  an  interval  of  }M» 
mm.  Wln'n  the  |H)int  was  removal  further  fnun  the  plate  then- 
appcanil  only  nuliatinns.  The  sparks  whi«'h  ap|Kiire<i  at  '.Mi  mm.  inter- 
val were  zig/iig  in  form,  thin,  and  without  nui<-h  .s<»un«l,  and  they  «i>n- 
tinue<l  S4I  till  the  intirval  wa-  contnicf«>d  to  5tJ  mm.  Then  the  sjMirk 
altfrc<l  in  it>  nature — it  lM-cann-  pn-ttv  <tniijxht,  and  prodiKttl  a  niop' 
int4'JeM'  >oimd. 

The  |)«<uliar  asinn-t  ot'  tin-  sjKirk  lietwwn  \Hi  mm.  and  68  mm.  inter- 
val su;ri;cstc<l  the  idea  that  |M»siti\  e  eh-^-tricitv  was  mrri^-^l  over,  and  the 
insertion  of  a  Holt/,  fiuuicl  tuU'  confirnuHl  this  fully.  Hy  other  nM':ins, 
and  directly  with  the  el«H'tn»nH'ter,  it  wits  demon.stnit(><l  that  with  an 
int«rval  U'twtH'U  the  |Ntint  and  the  plate  of  from  i>G  nun.  to  .*>«>  mm.. 
there  pasMil  from  the  |M>int  which  w:us  ni-pitive  at  the  Im-iik  of  the 
priniarv  <-urn'nt  |M»itivc  »'le<'tricitv.  when-:!-  with  a  l«'<N«i  inter\al  of" 
-park,  neg:itive  eh-^'tricitv  p:t^Mi|. 

I'or  this  intei*csting  phenomenon,  which  the  author  intends  to  studv 
I'urther  in  its  details.  Ur  otlei>  the  following  explanation  : 

i  he  o|M'nini;  of  the  lircuit  of  the  prinuir}*  ct>il  at  first  brings  to4he 
^»oint  at    the  so-4-:dle<l  ni'gjitiNc  |h)Ip   negative  elwtricity.      If,  nr»w,  the 
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distance  of  this  point  from  the  opposite  plate  be  greater  than  96  mm.,, 
the  negative  electricity  cannot  pass  in  sparks;  but,  also,  the  oscillation 
which  immediately  thereon  occurs  in  the  induction  wire,  and  which 
now  brings  positive  electricity  to  the  previously  negative  point,  has  not 
])ower  enough  to  discharge  this  positive  electricity  in  sparks,  because 
the  tension  produced  by  this  backward  oscillation  (liuckschwingung) 
is  weaker  than  that  produced  by  the  first  direct  impulse  at  break  of  the 
primary,  this  being  capable  of  breaking  through  an  interval  of  240' 
mm.  When  the  point  at  the  negative  pole  is  approximated  to  a  dis- 
tance of  96  mm.  to  56  mm.  from  the  plate,  still  the  negative  electricity 
driven  to  the  point  by  the  break  of  the  primary  circuit  cannot  pass 
over  in  sparks ;  but  the  positive  which  thereupon  comes  to  the  point  in 
the  oscillation  which  then  occurs,  can  do  so.  Since,  however  (as  already 
remarked),  the  tension  produced  by  it  is  less  than  that  produced  through 
the  direct  action  from  the  break,  the  spark  is  thinner  and  less  power- 
ful than  if,  with  the  same  interval,  the  point  be  made  the  positive  pole- 
by  reversing  the  direction  of  the  priraaiy  current.  If  the  negative 
point  be  now  brought  nearer  to  the  plate,  to  a  distance  less  than  56- 
mm.,  the  negative  electricity  brought  to  it  by  the  break  of  the  primary 
current  can  pa.ss  in  sparks.  But  by  this  discharge  the  following  oscil- 
lation is  so  weakened  that  it  does  not  render  luminous  ihe  correspond- 
ing funnel  tube,  or  does  so  to  a  very  slight  extent. — English  Mechanic^ 


THE  SUN'S  POWER. 


In  an  interesting  and  eloquent  paper  on  "  The  Sun  a  Source  of 
Power,"  published  in  the  Scientific  American,  Prof.  Langley  takes  the 
following  method  of  giving  some  idea  of  the  work  performed  by  the  sun's 
heat  on  our  earth,  which  receives  only  a  small  fraction  of  the  enormous- 
quantity  sent  out  yearly  from  the  centre  of  our  system.  Assuming  the 
area  of  Manhattan  Island  to  be  20  miles  and  the  annual  rain-fall  30 
inches,  he  shows  by  a  simple  calculation  that  this  small  portion  of  the 
earth  receives  1,393,920,000  cubic  feet,  or  38,781,600  tons,  of  rain  in  a 
year.  "  The  amount  of  this,"  he  says,  "  may  be  better  appreciated  by 
comparison.  Thus,  the  Pyramid  of  Cheops  contains  less  than  100,- 
000,000  cubic  feet  and  weighs  less  than  7,000,000  tons;  and  this  water^ 
then,  in  the  form  of  ice,  would  many  times  replace  the  largest  pyramid 
of  Egypt.     If  we  had  to  cart  it  away,  it  would  require  3,281,800  cai*s. 
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•  •jirryinj^  12  toiiH  iiu'\\  to  n-movc  it,  and  th*-***',  at  an  avcraj;*?  I«*n>jth  of 
thirty  r<*<'t  to  the  csir,  would  inii!«'  six  train**,  «iuh  n-arhinj;  in  one  <>»n- 
tinnoii.s  line  of  cjirs  arroHM  the  <*«»iititu'nt,  ho  that  tin-  h*iuiin);  hw-oniotivt* 
of  rarh  train  would  Im'  at  San  Fnuiriw**  IM-Ion*  th«*  n-sir  (-ar  \\w\  \vi\ 
New  York."  A  (lav's  niin-fail  ot'  oni'-t4*nth  of  an  inrh  Hprcud  over 
tlic  I  Jiitc^l  Stat4's  rrjjn-jM'nt.-*  t«'M  tliousmd  million.-  of  tons,  and  would 
talvf,  he  stat<rs,  more  than  all  tin-  j»iiiiij»iMj^H-ii^in«ts  which  .nupply  IMiil- 
:i)l<-l|>|iia,  ( 'hini^o,  and  other  lar^*  c-itiiw  dc*|N>ndcnt  nion*  or  l('^^  on 
•<t<'atn  for  j>otal»l«'  water,  working  day  an<l  ni^rht  for  a  ei-ntnrv,  to  put 
it  iwuk  to  the  height  to  whieh  it  w;f«  mi.-*-*!  hy  the  .-un  l)ef<»n'  it  fell. 
It  luiH  \nn'i\  found  hy  eiireful  exjK'riini'nt  that  the  effwt  of  the  heat  of 
a  vertioil  sun  in  the  month  of  Mareh,  acting  on  a  scpian*  foot  f»f  the 
earth's  surfa*"*',  after  having  lost  a  |M»rtion  of  its  enerjry  thn>n^h  al»sorj»- 
tion  hy  <»ur  atmosphere,  is  e«juivalent  to  Ol.'U  hors<*-|M»wer,  and  othi-r 
problems  with  e<pmlly  stjirtlin^  nwultw  am  Ik*  rwulily  fninu-*!  fn»m  thi-* 
and  other  a«"<'<'ssil)le  datji. 

Ill  "I'rojrriH^"  \vr  tiiid  the  following  short  s<'nnon  on  the|M>werof  ( J«nl 
tviiic<>«|  ill  a  rwcnt  storm  :  "  W  r  have  had  four  to  nix  inehes  of  niin- 
I'all  ill  I'liiladelpliia,  and  |MThap'  over  tin*  whole  an-n  of  s4-veral  Static, 
l/et  us  meaxure  ill  l»arrel>  or  tons  this  vjtst  avalanche,  aiul  caK-ulate 
the  amount  thus  iMMiefieently  dis|HTMHK  A  H|uarc  f<M>t,  eoven><I  oik* 
imh  de<p  with  rain,  would,  of  eours<',  rrpn'^cnt  one  hundn**!  an«i  forty- 
four  eiihie  inehes  of  water.  Now,  jlh  one  pint  c^mtains  alxiut  tweiitv- 
ei^ht  euhie  inehes,  one  stpiari'  f<M»t  oiu'  in<"h  d*vj»  ettiitains  siiv  five 
piiit>.  Then'fore  an  acre,  «"over«l  one  ineh  tieep,  would  nwil  twentv- 
■M'veii  tliousjuid  pilloii.s,  weij^hin^;  ei^ht  )>ounds  «*:wh,  t»r  over  one 
hiiiidnHl  toiis(»f  wafer  I ht  acre  for  eviTv  one  im-li  of  niinfall  ;  sixtv-four 
tliousind  tons  for  evcPk' s<pmre  mile;  ei^ht  million  tons  for  the  ar»-a  of 
I'liiladelphia.  The  silent  fon-e  of  the  sun  lut-*  lifte«l  this  eiiormoiL'% 
iurj;re^ite  a  distaiK't'  of  say  one  mile  hi^h  ;  hju-  ejirrieij  it  sus|Kndeil  in 
the  atmosphen>  |MTha|»s  a  thoussuid  mile:*,  and  then  has  pnvipitateii  it 
as  the  j^'iith'  dew,  the  dashing  shower  or  the  thiuiderin^  niinstonu. 
*^iieh  and  m*  va-^^t  an-  the  jwiwers  of  Naturr*." 


Phosphatic  Beds  — *o'olo^ii-:il  e\pl<.n»tions  liave<ho\Mi  the  pn>l>- 
al>ilily  (li:it  Kii-N--i;i  iinitains  UtU  of  ph<»>phate  of  lime  of  »iit1ieirnt 
extent  to  supply  Kun>|M'  for  an  indeHnite  |H'ri<»d.  Thrw  (Htm|ianies. 
have  alnady  U'^un  to  wi»rk  the  dejxisits.-    Forfjtch.  »L  /nl.  (.'. 
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COHNE'S  ELECTRIC  CANDLES. 


An  improved  form  of  electric  candle  has  been  patented  by  Mr.  S. 
Cohnd  of  65  Grace-church  street,  London,  for  which  the  following 
advantages  are  claimed : 

Up  to  the  present  time  all  electric  candles  in  use  have  been  made 
from  pure  carbon  or  carbon  mixed  with  other  substances,  such,  for 
example,  as  kaolin  or  plaster  of  Paris,  all  which  have  the  great  disad- 
vantage of  burning  too  quickly  away  and  producing,  in  a  greater  or 
lesser  degree,  a  flickering  light.  Such  candles  therefore  require  con- 
trollino;  mechanism  to  reo-ulate  their  distance  from  each  other.  Mr. 
Cohn^'s  invention  consists  in  making  or  forming  a  candle  of  ultra- 
marine or  the  substances  which  when  united  together  form  or  produce 
ultramarine.  The  ultramarine  may  be  green,  blue  or  of  any  other 
color  in  which  it  is  produced.  It  may  be  used  either  in  its  pure  state 
or  mixed  with  carbon,  kaolin,  plaster  of  Paris,  molasses,  or  with  any 
metal  reduced  to  powder  so  as  to  be  in  a  finely  divided  state.  The 
metal  preferred  is  copper,  and  it  is  ultramarine,  carbon,  powdered 
«opper  and  molasses  that  the  patentee  employs.  To  about  four  parts 
of  carbon  he  adds  one  part  of  ultramarine  and  one  part  of  the  finely 
divided  metal  and  as  much  molasses  as  will  when  mixed  with  the 
other  materials  be  sufficient  to  form  the  whole  into  a  paste  which  can 
be  moulded  or  otherwise  formed  into  the  shape  desired.  The  candle 
thus  formed  is  dried  and  heated  for  a  sufficient  time  by  fire  by  whose 
action  all  the  moisture  is  evaporated,  the  sulphur  is  burned  away,  and 
the  molasses  as  well  as  all  other  organic  matter  becomes  carbonized. 
The  patentee  does  not  confine  himself  to  the  exact  proportions  named 
above,  and  it  will  be  understood  that  the  mixture  alluded  to  is  only 
one  of  those  in  which  the  candle  may  be  made.  When  these  candles 
are  put  into  use  the  resistance  and  the  current  in  the  arc  are  to  a  very 
great  extent  less  varying,  and  controlling  mechanism  to  regulate  the 
distance  is  nearly  unnecessary,  because  the  candle  is  consumed  very 
slowly  in  comparison  to  those  heretofore  in  use.  Moreover,  less  con- 
sumption of  energy  is  required  for  the  new  candle,  and  therefore  the 
divisibility  of  the  electric  light  becomes  easier.  For  effecting  the  latter 
purpose,  Mr.  Cohu^  bakes  the  candle  in  a  zinc  tube,  whereby  the  zinc 
of  the  tube  sublimates,  and  partly  enters  into  the  candle.  By  this 
means  the  conductibility  is  greatly  increased ;  thus  very  little  consump- 
tion of  energy  takes  place,  and  the  problem  of  the  divisibility  of  the 
electric  light  approaches  solution, — English  Mechanic. 
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DI  VISIHI.K    CANNON. 

Tnin-'lrit*-*!  fur  the  J«>i  us  m 


riir  Kiix-iaii  artillfiv  have  latrly  a<l<i|»tMl  a  -tylt-  <•!  ciiiinoii  t'litin-ly 
new,  tloiiiiMl  t<»  |>lav  an  iiiiLMtrtaiit  part  in  fiitiin-  wars. 

riil>  caiiiioii  Ii:l-<  tin-  iMiiiliurity  that  it  t-.m  lie-  (livi(k-«l  into  two^ 
tlinn;  or  I'unr  |tart^',  whidi  may  Im-  trati>|Mtrt(tl  •^•|ijir:it«'lv,  to  In-  iinititi 
at  aiiv  |>la(-t-.  '\\\r  iiioviii^  ol'  it  may  U-  very  r:i|>i«l,  aii<l  the  iiKt-luiiiiml 
m<'iiii.><  cmpIoyiHl  t<>  maintjiiii  tin-  {larts  in  <ont:u-t  suvsiin-  the  |M-rrc<'i 
H»li«lily  of  till'  iTiniioii.  W'v  sti-  iiiiiiu'<liutc*Iy  wliut  stTviit-s  tWm  new 
WHtt'Mi  a|)|)li(-4l  t<»  (^imiuii  is  mlNnl  u|>on  to  n-ndcr  in  war*  in  monn- 
taiiioiis  (Kuntrifs.  I  >iniriiltii->  oftrn  insiirmoiintaMt'  in  tin*  tran>|iort 
of  liravy  arlillrry  through  gorg<^<  more  or  h-ss  ahrnpt  liavc  fvidently 
IxM-n  ovrn-oinr  l»y  this  |M»«ssil»ility  of  dividing  the  total  weight  of  thi* 
rannon  in  a  numlM-r  of  parts  relatively  miieli  lighter.  The  Ku->sian 
^ov«Tnmeiit,  strurk  with  tlM-?^'  advantiigcb,  wishwl,  on  the  <Mtnsion  «»f 
tin-  late  war  in  the  lialkan-,  to  make  a  trial  of  the  new  engiiif.  The 
first  exjH'rinu'nt.s  wen*  mad*'  in  Itussia  with  a  gun  of  small  >i/4',  an«l 
(he  n-stilts  wert»  .so  satiMfju'tory  that  the  War  I>i'|>:irtinent  nndert«Mik 
with<»ut  delay  the  eoiwtnietion  of  a  divisiMe  niimon  of  twcntv  »vnti- 
metns  interior  diameter  and  of  ji  mortar,  e«jimlly  divi!*il>Ie,  of  twenty- 
three  (H'Mtimetres.  The  e:inn«»n  oj*  twenty  «"«*ntinietn's  in  in  four  pi»"<vs: 
I.  An  interior  tnlx- of  a  weight  of  541  kilogramnu*^;  2.  the  hn-iieh, 
weighing  '2iH)|  kilognmuiies ;  ."{.  the  eh:ts4'  (part  of  the  ninnoii  «"i»m- 
pris<tl  iM'twivn  the  trunnions  and  the  month),  of  a  weij;ht  of  l.s2l> 
kilogrannncR;  4.  Tlu'  trunnions,  weighing  08  kilognimme?*.  Thin 
wouM  mak«'  a  weight  of  5.'UJ0  kilognimmes  in  tlie  eritin-  eannon 
mount*"*!.  This  pie<-e  has  s<'rved,  in  <^>m|t:inv  with  a  similar  mortar, 
in  the  late  Tun'o-Kussian  war. 

Tlu'  trials  have  Ikh^u  so  di-oisive  that  the  g«>vernnM»nt  of  St.  IVter*- 
Iturg  lijus  already  <"onstruet«'<l  pi«'eis  of  even  a  largiT  e:ilil»n'  U|N»n  tin* 
sime  principle  of  divi>ion. —  h-  I'rnjtfrf/dfrur. 


Artificial  Asphalt. —  \  •  I-  Ihignsm  h«-ats  e««il-  or  \\i»wl-tar  ii» 
a  iHiiler  iMiiil  tin  wat.r  is  all  eva|Hiratetl,  atld-  limlx  |K»w«lenil  niarhle 
or  Iinu'st4>ne  that  \u\>  Uvn  previoasly  Imrnt,  stirring  in  .*>  jht  »vnt,  of 
iron   oxide,  sili«-ate  of    |M»ta»h,  and   gy)»iuni.  aiul    mixing  the   whole 

tlloroui:hl\  . —  I  >lii<;/ri's  .Iniirniti.  ( '. 
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Portable  Gas. — In  England  portable  gas  is  now  sold  and  deliv- 
«ered  like  milk.  Country  residents  receive  it  from  the  city  in  copper 
cylinders. — Fortsch.  d.  Zeit.  C. 

Krupp's  Homogenous  Iron. — After  a  long  series  of  successful 
^experiments  Krupp  has  placed  his  "  Fluss-Eisen  "  upon  the  market  as 
a  substitute  for  malleable  iron.  With  a  content  of  about  one-tenth  of 
one  per  cent,  of  carbon  it  resembles  the  best  forged  iron,  but  is  supe- 
rior to  it.  In  large  forged  pieces  it  has  a  resistance  of  from  38  to  42 
kilogrammes  per  square  millimetre  (54,046*7  to  59,735*8  lbs.  per  square 
inch).  In  sheet  iron  the  tenacity  is  raised  to  between  40  and  48  kilo- 
grammes (56,891'3  to  68,269*5  lbs.  per  square  inch),  with  an  elonga- 
tion of  about  25  per  cent,  and  a  diminution  of  50  per  cent,  in  the 
section  of  the  experimental  bar  at  the  moment  of  rupture.  The  price 
is  little  higher  than  that  of  ordinary  iron.  The  material  is  specially 
valuable  for  shafts,  stern-posts,  anchors,  machinery,  and  all  work  which 
requires  welding  when  it  is  made  of  common  iron. — Ann.  du  Genie 
Uvil.  C. 

Courtenay  Automatic  Whistling  Buoys. — After  a  thorough 
trial  of  these  buoys  in  two  of  the  French  light-houses,  the  Ministry 
purchased  them  and  ordered  eight  more,  on  the  recommendation  of  the 
Light-house  Board.  The  Chamber  of  Commerce,  the  pilots  and  cap- 
tains who  were  consulted,  all  agreed  that  they  were  of  great  service. 
The  only  objections  that  were  made  to  their  purchase  came  from  villa- 
Igers  who  were  annoyed  by  the  noise,  and  they  were  conciliated  by 
Temoving  the  buoys  to  a  greater  distance.  The  liabilities  to  wear  or 
•damage  are  very  small;  the  mechanism  is  remarkably  simple;  the 
ball-valves  can  work  for  years  without  need  of  repairs.  The  whistle 
anay  be  injured  ])y  collision;  this  accident  has  already  occurred  at 
Havre,  where  the  channel  is  furrowed,  at  all  hours  of  the  day  and 
night,  by  the  numerous  fishermen  who  are  careless  sailors.  To  guard 
against  a  recurrence  of  this  injury  the  inventor  has  devised  a  protective 
gallery.  Wind,  ground-swell  and  moisture,  all  increase  the  penetrat- 
ing power  of  the  whistle,  provided  they  are  not  excessive.  This  is 
probably  owing  to  the  increased  compression  of  the  air  in  the  sounding 
chamber.  The  intervals  between  the  whistles  can  be  graduated  as 
easily  as  the  flashes  of  revolving  lights,  so  that  the  different  signals 
■cause  no  confusion  when  a  number  of  buoys  are  anchored  in  the  same 
neighborhood. — Ann.  dee  Pants  et  Chauss.  C. 


<)<'t.,  lH7fi.  ]  Sfifidrtiii   Rnihrny.  27^ 

The  Camphor  Eddies.  —  H  '^  "mall  l»it  of  •■ainphor  i>  lai<l  ii|»<tM 
\v;it«r  it  l*<;^Mii--  tiiniiii;:  and  riioviii};  aU>iit  with  ]iv*-'M  ra|»i«lily.  If  ji  fd-w 
^niins  <»f  IvctyiHMliMiii  or  otluT  lijrlit  |M»\vilrr  liav*-  U-*-!!  previoanly  ^"hX- 
t<'r<'<|  on  tln'  \vat«T  tlirv  an;  <lniwn  towanln  tin*  cuiiiphor  l»y  «.'«l<li«'s  in  uii 
irivcrsi' <Iirc*-tion.  TIm-s*'  plicnointMin  wt?rf  oI»s«tvi'<1  in  171^  by  Ki^inicn, 
who  attril»iit«il  tht-ni  to  a  «lini*n  ih"**  of  elwtririty  Ixtwi-i-n  th»*  water 
and  tho  <-:iniphor.  SnIiMtiiK-nt  inv('stigaton<  thought  th<-y  niii^ht  lie 
i\\w  to  ihf  «-:iiii|ih<»r  vajMir  striking  th«*  wat<-r  and  |trodiuinjr  a  n-<^»il. 
M.  ( 'iLs-^miajor  \v.\s  roiitiH-*!  th«*  >tudy  of  thr  <|iUT«ti»'n  and  adoptMi  th*- 
\  irws  of  Ji«»n»itii.  He  instaii<t?<  the  followinjij  crucial  cxjM-rinjcnt. 
At  the  sinic  time  that  the  \\\{t-  of  cimiphor  an'  thrown  n|»on  the  water 
insert  a  f^litss  nxl  which  luw  Im-cii  ruhljcd  with  tlannel:  the  motion 
iininediatcly  ntopri.  If  the  eli'<"tricity  i«  reniovwl  fn»n»  the  md  by 
ruhhin^;  it  with  tin  foil,  it  lo-^j*  JtM  power  of  che<"kinj5  the  eiijlitrs. — 
I ,rn  Mmnlrs.  (  '. 

Saharan  Railway.  —  M.  I>ii|M>ncliel  pro|>4»:«-s  the  o»n.stniction  of 
a  mi  I  way  a<ross  the  des<'rt  of  Sjdiam,  the  HrHt  nection  extending  fnun 
Algiers  to  Titnl)Uct4N).  S)u<lan,  wat<?rotl  by  larji;e  rivers,  liatheil  by 
ijn-.it  interior  lakes,  shade<i  bv  in:ij;niHc«'nt  tn-trs,  niij;ht  pnNluo-,  in 
iiidiinit*"*!  «juaMtiti«'s,  ric<',  ^niin,  snpir  «:sine,  i^>tton,  indigo,  et«'.  The 
|»roj<>ct  of  attaching  thin  fertile  rojjion  to  Al^'eria,  .Mar>*<'ilh>  and 
I'Vaiici'  wouM  Im-  more  <'}v<ilv  nirrie<l  out  than  the  i'acitic  ll;iilnKul, 
which  was  i-iimpleti-tl  in  thn-*-  vesirs,  over  de<-livitie?«  IS'Mi  nu-tn> 
(ril85  niik-s)  hi^h,  with  inuueiusc  defeiwive  works,  oinoti^  which  an- 
the  wiMMJen  tunnels  which  have  lui  aj^^rcpite  h-n^th  of  not  h-s>  than 
70  kihtrnetres  (434y7  mihw).  The  entin-  rojit*-  w:us  .'iU.SO  kilomctn■^ 
(11U3><  miles),  wiii<'h  was  somewhat  Ioii^t  than  the  prop<iHe«I  nmte, 
but  tlu'  diniculties  were,  |K>rha|>s,  no  greater.  The  Saham  h:is  a  hani, 
tou^h  soil,  an<l  the  sand  dutn-^,  which  an*  often  supivus*-*!  t«»  j-over  the 
whole  surfa«H',  would  not  <K"cupy  more  than  a  ninth  juirt  of  it.  The 
ilunes  may  Ik;  owing  to  the  disintegration  i»f  rtx'ks,  under  a  long-oui- 
tinuiil  solar  ai-tion,  and  the  distribution  of  the  debri>,  by  the  fi«  r.^ 
winds  of  the  th-xrt,  into  s«-attcre<|  hills.  Wherever  thert-  i>  a  liabi  it\ 
for  such  shifting,  it  would  l)C  netswwark'  U»  protect  the  nwd  by  wtHHJeii 
sIumIs,  like  thofH'  on  tiie   Pacific   liailwuy. — Hull,  de  la  Sor.  d'Kncour. 

C. 
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Glass  Lamp-wicks.-  -Lamp-wicks  of  .spun  glass  are  made  in 
Germany.  Tliey  supply  the  petroleum,  oil  or  spirit  more  regularly,, 
and  lamps  which  are  provided  m  ith  them  can  be  carried  about  with 
less  danger  of  going  out  or  of  scattering  sparks  and  kindling  conflag- 
I'ations.  For  equal  strength  of  flame  the  glass  wicks  give  a  clearer 
and  purer  light;  they  have  a  less  unpleasant  odor;  they  consume  less 
fuel ;  in  spirit-lamps  they  give  a  more  intense  heat,  with  a  more  quiet 
and  steady  flame. — Fovtsch.  der  Zeit.  C. 

New  Application  of  Hydrogen. — E.  Commelin  has  discovered 
a  new  industrial  application  of  hydrogen.  He  places  retorts  or  tube.s^ 
of  metal  or  refractory  earthen-ware  in  the  arch  of  furnaces  or  genera- 
tors, in  hot-air  apparatus  or  elsewhere,  where  they  are  exposed  to  a  red 
heat.  They  are  filled  with  charcoal,  coke  or  cinders,  and  a  small  jet 
of  vapor  is  introduced,  which  produces,  by  decomposition  and  recom- 
position,  hydrogen,  carbonic  oxide  and  carbonic  acid.  The  apparatus 
is  thus  raised  to  a  red  heat  and  stciim  is  obtained  Avithout  expense. 
Each  tube  which  contains  25  kilos  (55  lbs.)  of  coke  yields,  in  10  hours^ 
100  cubic  metres  (3531 '658  cubic  feet)  of  gas,  which  is  passed  into  a 
purifier  and  thence  to  a  gasometer.  Its  illuminating  power  is  increased 
by  mixture  with  the  vapor  or  gas  of  volatile  or  solid  hydro-carbons, 
so  as  to  yield,  at  about  one-sixteenth  the  co.st,  a  whiter  and  more  bril- 
liant flame  than  that  of  coal  gas. — La  Houille.  C. 

Blood  of  the  Lobster. — Harless  found  copper  in  the  blood  of 
crustaceans,  cephalopods  and  gasteropods.  It  has  long  been  known 
that  the  blood  of  these  three  groups  of  invertebrates  changes  its  color 
when  it  is  exposed  to  the  air.  .lolyet  and  Regnard  concluded  that  the 
l>lood  of  the  crab  contains  two  coloring  substances,  one  blue  and  the 
other  red.  The  fii'st  is  united  with  the  albumen,  which,  when  coagu- 
lated by  alcohol,  has  a  clear  blue  tint;  the  red  dye  remains  in  solution 
in  the  alcoholic  filtrate.  Leon  Fredericq  finds  the  same  principles  in 
the  blood  of  the  lobster,  but  the  red  contains  no  metal ;  it  does  not 
change  color  in  oxygen  or  in  a  vacuum ;  it  is  not  always  present.  The 
blue  seeuLs  to  be  identical  with  hemocyanine  and  contains  copper.  The  • 
saline  portion  of  the  blood  has  a  composition  almost  identical  with  that 
of  the  water  in  which  the  lobster  lives.  The  hemocyanine  easily 
unites  and  parts  with  oxygen  and  thus  acts  as  a  stimulant  to  respira- 
tion, the  nutritive  function  of  the  blood  being  confined  to  the  plasma. 
— Bull,  de  VAcad.  Roy.  de  Belyique.  C. 


Incombustible  and  Impermeable  Wood. — M.  FoIl»afKi  ii-<-:i 

tin-  lullowiii;/  |iit|»;iratii>ii :  Siilj»li:ii«-  <»!'  /inc.  .')',  |l».;  |Mit:L-li,  2-  ll*;*.; 
aliiiii,  n  11)^.;  oxidi' of  iiiunpiiiest',  22  ll»s. ;  hulpimric  iwid  of  60-, 
22  lll^. ;  \N:it<T,  o">  Ills.  All  tin*  s«tli«l  in}rr»'<li»Mit.-  an*  put  into  a  l*oil«T 
•  oiitaiiiiiiir  tin-  wat«r  at  4/i'('.  (ll.'i'Fj,  aini  :l-.  -iooii  Jt-  tln'V  arc  du*- 
>olv<«l  tlir  Mil|»lmri<-  acid  i-  |)ourM|  in  ^nidually  until  the  iiia»«  Ls  c«»in- 
pletoly  saturated.  'Jin-  pit-*-*-?*  of  \v«»o«|  an-  kept  alxuit  o  •■(■ntiiiH.'trt'S 
(IM»7  in.)  apart,  and  afttr  tlin-t'  hours'  Ixtilin^  thiv  an*  drii-*]  in  the 
ojMii  air.  The  natural  appeanin<*<' of  the  w<kk1  la  not  chanpil;  to 
whatever  hetit  it  is  sul»je<l*'«l,  it  reniHtM  etjuihustion,  the  "uHiuv  liein^ 
siiujdy  eoveml  with  a  thin  <harnH|  «'«»;itin<r  which  i-  f-ji-ilv  ruhlM-«|  off. 
—  A  nil.  till   fi'rnir  (  Irit.  ( '. 

Water-spouts  at  Vitry-sur-Seine. — I-  \'.  Meunitr  d<-xrilx"s 
two  siinult;ineou.M  water-sjH»ut.s,  one  of  which  was  ven'  lonj;  and  slender, 
resetnhlin^  a  <'ylindri<-jil  riitlM»n  and  as<uiuintr  a  kind  of  S  >hajK-. 
•M.  Kayc  institutj-s  a  comparison  U-tween  thcni  and  similar  phenomena 
wliiih  Were  ohservetl  in  ( "hina,  in  July,  187H,  atid  jijives  the  following; 
explanation,  in  at-t-ordance  with  his  the<»r)'.  The  air  whi<-h  i-  l»rou;rht 
down  l»y  the  water-s|M)ut  is  usually  colder  than  the  lowir  strata. 
\N  lieu  the  re<1uction  «»f  ti'ni|Hniture  {km^-s  the  dew-|K»int  of  the  sur- 
rounding air  the  sjHuit  is  surroun<le<l  by  a  li^ht  «loud  whieh  marks  it<< 
<•«  ntour.  If,  in  inoviuj;,  it  jK'netrat<'s  lavers  which  an*  c«»o|cr  or  drier, 
this  vaiM>n)Us  .sheath  is  dissipat^il :  but  the  n»ld  C4>lumn  -^till  exi-Ls,  and 
eontinues  to  lash  the  water  or  the  ground  by  its  lower  invisible 
extremity,  .s<>  as  to  form  a  cloud  of  <lr«»j>s  of  water  or  of  du-t.  At 
la>(,  when  the  <l(s<'<'ndin;;  spin-s,  ifntere*!  u|)on  a  verti«':d  axis,  an-  dis- 
phu*e»l  hori/ontally  by  the  fit^ble  winds  prevailing  at  diffei\>nt  hei;rht.s, 
the  va|>orous  envelo|M'  undulat*^^  mon*  or  less  violentlv.  .\s  the  >pires 
have  not  all  the  sinu'  radius,  nor  the  sam*-  t«'n>|)eratun',  and  as  they 
even  fornj  distinct  heli<>oidal  «tirn'nLs  around  a  <"ommon  axis,  it  mav 
hapiM}n  that  only  the  central  spin's  an*  eold  enou;;h  to  pn>eipitate  the 
moistun>  and  form  a  sheath  which  is  much  smaller  than  the  entin- 
channel  of  the  whirlwind.  [The  S  form  of  the  verti<':d  «'«>lumn  mav 
Ik;  due  to  HimultaniHULs  eyelonic  and  anti  -('yelonic*  influenjx^**,  like  the 
similar  horizontal  formation  of  synchn»nous  anti-cvclonic  «inow-storm.s 
and  cyclonic  rains  which  are  s^»  otb'U  shown  upon  the  weather  ma|>s  of 
the  l^nitt^l  Stat«s  Signal  Srvi«H'.] — ChmjtirM  lifiuluj!.  ('. 

Whole  No.  Vol.  ("VIII.— iThikd  Si:Rit>,  Vol.  Ixxviii,  'J*! 


282  Book  Notices.  [Jour.  Frank.  Inst., 

New  Antiseptic. — A  new  and  very  valuable  antiseptic  has  been 
discovered  in  Germany.  It  is  a  double  salt  of  borate  of  potassium 
and  sodium,  and  is  made  by  dissolving  in  water  equal  portions  chlor- 
ide of  potassium,  niti*ate  of  sodium  and  boracic  acid,  filtering;  and  evap- 
orating to  dryness.  It  costs  about  twenty-fiv^e  cents  a  pound,  and  docs 
not  give  bad  taste  and  properties  to  foods.  Butter  may  be  made  from 
milk  ke})t  sweet  by  it  at  ordinary  temperature  foi*  a  week.  Meat, 
game,  etc.,  dipped  in  a  weiik  solution,  remain  pure  for  a  long  time. 
A  piece  of  meat  well  rubbed  with  the  salt  and  laid  away  two  years 
ago  is  now  in  perfectly  gooil  condition.  Kggs  are  dipped  in  a  solu- 
tion ;  beer  and  wine  are  })laced  in  bottles  previously  rinsed  by  it,  and 
remain  good  for  long  })eriods. — Journal  of  Chemistri/. 
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Elements  of  Natural  Philosophy.  For  the  use  of  Schools  and 
Academics.  By  Kdwin  J.  Houston,  A.M.,  Prof.  Physical  Geo- 
gni])hy  and  Natural  l^hilosophy,  Central  High  School  of  Philadel- 
phia, etc.     Philadelphia:   Eldredge  iV:  i^ro.      187JI. 

An  elementiiry  work  of  this  nature  demands  as  its  chief  passport  to 
favor  that  its  arrangement  shall  be  logical,  and  that  its  prasentation  of 
the  facts  and  j)rincij)les  of  the  science  shall  be  correct,  concise,  attrac- 
tive, and  free  from  ambiguity;  but  these  requirements  are  so  seldom 
fulfilletl  that  while  admirable  works  of  a  higher  class,  adapted  to  the 
needs  of  advanced  students,  are  plentiful,  the  number  of  really  first- 
class  elementary  text-books  for  beginners  hiis  always  been  limited. 
The  reasons  for  this  are  not  difficult  to  a.ssign,  and  they  are  to  be 
found  partly  in  the  disinclination  of  capable  scientific  teachers  and 
investigators  to  descend  from  the  higher  regions  of  the  lecture  room 
and  lal)oratory  to  place  themselves  en  rapport  with  the  childish  mind, 
and  partly  in  the  real  difficulty  of  its  proper  accomplishment,  for  to  do 
it  well  demands  the  exercise  of  a  happy  faculty  which  few  possess. 

In  this  particular  field  the  author's  previous  essays  have  been 
attended  with  an  unasual  share  of  success.  His  "  Elements  of  Nat- 
ural Philosophy,"  with  which  we  are  here  especially  concerned,  has 
been  written  in  his  happiest  vein,  and  it  is  almost  enough  to  say  of  it, 
for  the  private  ear  of  the  teaching  fraternity,  that  it  is  quite  as  deserv- 
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ing  of  commendation  as  his  "  Elements  of  Pliysical  Geo^rapliy," 
which  the  writer  of  this  had  the  irmtification  of  eommendinir  Ix-fore  it 
had  reached  its  present  measnre  of  popuhirity. 

In  the  present  book  the  snhjects  are  presrnKKl  in  lotrieid  .se<jiienee, 
iind  whih'  nothing  essential  has  Im-cii  (unijt^'d  itr  size  hit-;  l)e<n  conHned 
within  convenient  limits.  The  anthor's  language  i.s  cieiir  anil  concise; 
the  examples  hy  which  the  principles  and  facts  of  the  science  are 
elucidated  are  well  chosen,  and  many  of  the  experiments  suggi-steil  for 
for  the  same  purpose  are  simple  and  homely  and  on  thsse  accounts 
especially  valuhle  in  impressing  proper  c<^>nceptions  correctly  and  intel- 
ligently ujxtn  the  heginner's  n»ind. 

While  all  the  sub-divisions  of  the  science  are  well  representetl  that 
of  electricity  is  deserving  of  especial  notice,  from  the  fact  that  the 
author  in  relegtiting  magnetism  to  its  proj>er  subordinate  })la<'e  :t<  one 
of  the  effects  of  the  electrical  current,  and  in  treating  the  sul)je<t  gen- 
erally under  the  divisions  "electrical  charge"  and  "current  electricity" 
has  greatly  simplified  it  and  brought  it  more  closely  in  harmony  with 
the  present  state  of  our  knowledge.  The  final  cha|)ter  cr>vers  briefly 
the  late  advances  that  have  hocn  made  in  this  field  of  investigation, 
including  therein  descriptions  of  the  theory  an<l  action  of  g-alvano- 
clectric  machines,  teleph«»ne,  mi<-rophone  and  phoni>gi-aph. 

The  publishers,  too,  have  done  their  })art  well,  and  thr  p:ij)«T.  Icttrr- 
pre.ss  and  illustrations  are  very  cretlitable.  N\  . 


Recreations  in  Astronomy,  With  Directions  for  Practical  Ex{>eri- 
ments  and  Telescopic  W<»rk.  By  Henry  White  Warren,  1),  1)., 
Author  of  *'Siirht.<;  and  Insitrhts;  or,  KnowkHl«re  bv  Travel,"  etc. 
With  eighty-thre<'  illustrations  and  maps  of  stars.  12mo.  New 
York:   Jlarper  tV:  Brothei>.      1879. 

Dr.  M'arren  is  well  known  to  many  of  our  rcjiders  as  a  rea«ly  and 
pleju^ing  writer,  full  of  generous  enthusia«<m  for  the  harmonies  of  scien- 
tific and  religious  truth,  and  an  amateur  astronomer,  whose  familiar 
knowledge  of  the  heavenly  Ixxlics  has  often  lu'cn  instru«'tively  impart«Hi 
to  circles  of  admiring  listeners.  His  own  extensive  rwiding  h:u«j  been 
sn|)plcmcnted  by  a.>N<istan(v  from  othei>,  for  which  h»'  cs|H'cially 
acknowledges  hi>  indebtedness  to  Professors.!.  M.  Van  Vlcck,  LL.D.. 
Henry  Dr.iiKT,  M.D.,  and  Simon  Newcomb,  LL.D..  and  to  Dr.  .S.  S. 
White,  (treat  care  is  manifV-stcil,  in  all  parts  of  the  work,  to  pres<*ni 
ihe  latest  informati<Mi  in  a  simple  yet  ])ictures<|ue  style,  with  scrupuloiuj 
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accuracy,  and  with  such  judicious  avoidance  of  needless  technical 
explanations  as  will  bring  the  subject  fully  within  the  grasp  of  ordi- 
nary readers.  With  the  belief,  strengthened  by  an  experience  which 
entitles  it  to  great  weight,  that 

" the  iindevout  astronomer  is  mad," 

he  has  written  a  book  of  unusual  interest,  "not  only  to  unravel  some 
of  the  highest  achievements  of  the  human  mind,  but  also  to  let  the 
heavens  declare  tlie  glory  of  the  Divine  Mind."  Its  value  is  greatly 
enhanced  by  beautiful  illustrations  and  admirable  typography.      C. 


P^LEMENTS  OF  MoDDRX  Chemlstry.  By  Adolph  AVurtz,  Member 
of  the  Institute,  Honorary  Dean  and  Professor  of  Chemistry  of 
the  faculty  of  Medicine  of  Paris,  etc.,  etc.  Translated  and  edited 
from  the  fourth  French  edition  by  Wm.  H.  Greene,  M.D.,  formerly 
Demonstrator  of  Chemistry  in  Jefferson  Medical  College,  Philadel- 
l)hia,  etc.,  etc.  12mo,  pp.  687,  with  132  illustrations.  Philadelphia: 
J.  B.  Lippincott  &  Co. 

While  manuals  of  chemistry  have  not  been  wanting  in  number, 
this  book  will  supply  a  want  which  has  long  been  felt  by  teachers  ajid 
students,  who  have  had  no  choice  between  small  and  imperfect  text- 
books and  volumes  whose  magnitude  is  entirely  beyond  the  time  that 
can  be  allotted  to  chemistry. 

The  author  introduces  the  translator  as  his  "friend  and  former 
pupil,"  and  expresses  confidence  that  the  translation  will  be  "a  faith- 
ful or  even  improved  representation  of  the  original  work." 

The  opening  chapter  treats  of  the  evident  differences  in  the  forms  of 
matter,  and  clearly  defines  those  differences  which  it  is  the  province  of 
chemistry  to  investigate.  The  laws  of  definite  proportions  and  equiv- 
alents are  then  explained  and  naturally  developed  into  the  atomic 
theory,  which  is  sustained  by  a  terse  statement  and  explanation  of  Gay- 
Lussac's  law  and  the  laws  of  specific  heat  and  isomorphism. 

A  short  but  lucid  chapter  on  nomenclature  and  notation  follows, 
after  which  the  metalloids  are  taken  up  individually  and  arranged  in 
classes  according  to  their  chemical  analyses,  the  only  basis  for  a 
rational  classification. 

After  the  student  has  become  familiar  with  the  compounds  of  the 
metalloids  he  is  initiated  into  the  probable  laws  of  affinity  by  the  study 
of  the  theory  of  atomicity,  which  most  important  doctrine  is  here 
stated  more  clearly  than  in  any  other  book  we  have  seen. 
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TIk-  history  of  iiK'taU  iri(li\i<lii:illv  is  prcffih-il  l)v  a  (k'S4Tiptioii  <»t' 
their  f^ciicral  projjortics,  an  iiit('ni>tiii<;j  article  on  alloys  and  a  general 
consideration  of  oxides,  hydrates,  snlj)hid(s,  chlorides  and  oxygen  s:dts, 
each  gmiip  hein;;  individiialiy  c<)Msidcrc«l  aii<l  important  <-liaractcristies 
pointed  out. 

Ncarlv  half  of  the  hook  is  devoted  to  organic  clieini.-trv,  and  all  of 
the  j)reliniinary  e\planation.«<  are  conden.s*,**!  into  thirty  pJig'*?*;  In-sidt-s 
tln-se  we  fnid  |)ages  here  and  there  devoted  to  the  general  nioleeular 
^trllcture  of  the  amines,  organo-nietallic  com|M»ntnls,  series  of  fattv 
acids,  glycols,  etc.,  this  matter  Ix'ing  intriMiuced  when  the  student  i* 
iully  preparwl  for  it,  so  that  he  may  not  l>e  obliged  first  t4)  studv  gen- 
eral forniulie  for  classes  of  IxMlies  of  which  he  knows  nothing. 

The  b<»ok  is  fully  uj)  to  tiie  times  and  is  an  exact  representation  of 
the  science,  all  facts  heinjj  vi«!Wed  in  the  light  of  the  most  recent  «level- 
opments.  It  is  clearly  written,  and  will  l)e  welcome<l  not  oidv  Kv 
»<tudent>  and  teachers  hut  ity  <-heniist.s  and  otlu'rs,  who  jiave  felt  tin- 
want  of  such  a  hook. 

The  paper,  |H(ss-work  mihI  tyjKjgraphy  is  excellent,  ils  might  he 
fXjHJc.ted  from  Lippiiicott'>  house. 


F  I'll  n  k  1  i  II    Institute 


IIai.i.  «)|-   rm:  Institute,  Sept.  17th,  isTt*. 

The  stated  nie<'ting  was  calh'd  to  (»rder  at  8  o\'hM-k  P.  M..  tli-- 
President,  Mr.  Willianj  P.  Tathanj.  in  the  chair. 

There  were  present  1 1'J  meml>ers  and  oH  visitor-. 

The  minut«'s  of  the  h^^t  meeting  were  read  and  approv*-*!. 

The  Actuary  presented  the  minutes  of  the  Hoard  of  Managers,  and 
nnnounced  that  at  the  last  meeting  seven  persons  were  eleitctl  nuMnlnTs 
of  the  Institute:  and  repjirtiMl  aUo  the  followini;  donations  to  the 
Library: 

Specilications.     No.  liui;;,  ot    17".*j;   No.  0.;,  of  ISTS. 
I'rom  the  ( 'oinmis-^ioinrs  of  Patents,  London,  throu<rh   Mr.  Fn^leriek 
Kansome. 

The    Pennsylvania    lvailroa«l  ;    its  ( )rg;ini/:ition,  (  oust  met  ion    and 
.Management.      My  .lam«s  Dreilge.      I^mdon.  1M7}>. 

From  Frank   Thomson,  (Jeu'l  Man:iger  Penna.  K.  K. 
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Annual  Report  of  the  American  Institute  of  New  York, 

From  tlie  Librarian. 

Transactions  of  the  American  Society  of  Civil  Engineers.     No.  53. 

From  the  Society. 

Ninth  and  Tenth  Reports  of  Exhibitions  of  the  Massachusetts 
Charitable  Mechanic  Association.  From  the  Association. 

American  Naturalist.     4  Nos. 

From  the  Boston  JSIedical  Association. 

Bo.ston  Journal  of  Chemistry.     7  Nos.         From  the  Publishers. 

American  Architect  and  Building  News.     Vols.  1  and  2. 

From  J.  R.  Osgood  &  Co.,  Publishers. 

Quarterly  Report  of  the  Chief  of  the  Bureau  of  Statistics. 

From  the  Chief  of  Bureau. 

Annual  Report  of  the  Trustees  of  the  Metropolitan  Museum  of 
Art.  From  the  Association. 

Circulars  of  Information  of  the  Bureau  of  Education.     No.  2. 

From  the  Bureau. 

Report  on  a  Preliminary  Investigation  of  the  Properties  of  tlu=- 
Copper-tin  Alloys.  From  R.  H.  Thurston. 

Annual  Report  of  the  Commissioner  of  Patents,  with  Index  for  1878> 
Specifications  and  Drawings  of  Patents  for  March  and  April,  1879. 

From  the  Patent  Office. 

Report  of  the  Board  of  Health  of  the  City  and  Port  of  Philadel- 
phia to  the  Mayor.  From  Geo.  E.  Chambers,  Registrar. 

Papers  read  before  the  Eleventh  and  Twelfth  Annual  Conventions 
of  the  American  Institute  of  Architects,  held  in  Boston  and  New 
York.  From  A.  Williams  &  Co.,  Publishers. 

General  Index  of  the  Agricultural  Reports  of  the  Patent  Office,  for 
twenty-five  years,  from  1837  to  1861;  and  of  the  Department  of 
Agriculture  for  fifteen  years,  from  1862  to  1876.     Washington,  1879. 

From  the  Commissioner  of  Agriculture. 

Silk  Goods  of  America :  A  Brief  Account  of  the  Recent  Improve- 
ments and  Advances  of  Silk  Manufacture  in  the  United  States.  By 
W.  C.  Wyckoff.  From  Horstmann  &  Co.,  Philadelphia. 

Sheet  Metal  Builder.  An  illustrated  Monthly  devoted  to  the  use  of 
Sheet  Metal  in  Architecture.     Vols.  1  and  2. 

From  Dr.  W.  H.  Wahl. 

Charter,  By-Laws,  Regulations  and  List  of  Members  of  the  Insti- 
tution of  Civil  Engineers.  London.  From  the  Institution. 


Ot't.,  1H7!*.]  Proeeedintfx,  fh'.  287 

List  (»t"  l*r<>riiiiiiiiM  <»!'  the  Twciitv— 'ixtli  Aiiniiul  Kvliiliitinii  «tt'  the 
P«iinsylvaiiia  Stijto  Agri<Miltiir:il  S<H-ioty.  I'imih  tlie  SK-iety. 

Annual  Report  of  tlx'  ^[;u^:llrf'^<  of  the  Stat»-  Lnnati*-  A-iyluni, 
I  tica,  N.  \.  From  tlif  Mana^ors. 

It''|n»r(  (iC  the  lioaivl  of  IvvjKTts  on  the  Tost  Trial  ot"  tlif  Wanlcii 
Coinpuinnl  I'liinpiii'/  lOnjrinc  to  tlic  BoanI  of  ( 'itv  ( 'oniMiis<ion<'r- ut* 
('in«innati  Wator  Works,  March  1«7!».  From  .1.  W.  Hill. 

C.'ontrihntions  to  our  IvnowI^Klj^c  of  the  M<jt«'orol«>^v  of  th*-  Arctic 
K<--rions.      I':irt   I. 

l''roin  the  .M('to<>r(»loi;ical  ("omnntt<M'  of  the  Koval  S»fifty. 

Annual  Report  of  the  Chief  of  the  M'at<'r  Department  of  tlie  City 
of  IMiila<h'lphia,  I'^roni  W.  H.  .M('Ka<l<K'ij,  Chief  Kn^iiHHT. 

Annual  Re|)ort  of  tlie('hief  Signal  ( )tlieer  t<»  the  S-eretarv  of  War. 

I'Voin  the  Chief"  Sijrnal  OHij-j-r. 

Fourth  Annual  Rep(»rt  ot"  the  State  Board  (»f  Healtli  of  Mass;u-liu- 
setts.  From  Dr.  Brin^ham,  Boston,  Mass. 

(  )nieial   AiMiiy   KcLjister.  1'i-<>mi  the  Se<Tetarv  ot'  War. 

()nMaun>et>.      By  O.  A.  L.  I'll. I.     Chri-tiania. 

Die  lichi-e  ties  A nimonius  Sakkas.      \'on  Dr.  (J.  \'.  Lvn;;. 

( >m  l''orln»l<let  i  Mitldlelaldereti  Mellein  «h'n  N(»rske  .Mark,  hiIv  «»jf 
lien  Steds*'  l"'orrine;rd»'  (ian«;l>are  Myntmark,  ete.      .Vf  C.  .1.  Shive. 

l*hil(>sophis<-he  Studien       Von  Dr.  (J.  Wilh.  Lvn«:. 

Iy«'ttre  a  M.  Frnest  de  Saule\ . 

( )m  Advokat  Sandons  Atliere.      Af  ( ).  SandUri;. 

B(ina'rknin<j:er  oni  Tilre^neliijhe*!  (Strafskvid)  (»•;  Sind.ssvirdom,  etc. 
Af  Rrof.  Dr.  Faye. 

Xo^le  ()plysiiin«;en  om  Forhohh-t  mellem  .K«;t«>ikalH?r  o«r  Foilsh-r 
iiied  saM'Iitrt  Iven-yn  til  .K^^teskaU'rnes  Sliftel-cstid.  Af  Bun-:iuehef 
Kia-r. 

( )m  I'oneelet's  Betydnin^  for  ( ieometrien,  ete.      Af  Kllinj^  Hoist. 

( 'arte  du  Jvoyaile  de  Norvoj^e. 

Carte  Nor^',  Sverij^e  ky^  Danmark. 

Rutne-Indskriften  paa  |{ini:en  i  l"'or>^i  Kirk<i  .\..rdre  11<  UinLjLind. 
ITdjjivet  oir  tolket  af  Sopjiu>  BuiXire. 

( >ni  Skurinp^mierker,  ( tlaeialt'ormaiioueii  oj;  Terr:L->«'r,  sunt  om 
(irnndfjeldet''  o^r  Spara^mitfjeldets  .Ma>::tii:li«'«l  i  Non^e.  1.  (Jrnnd- 
Ijeldet.      Af   l*ri>f.  'l'he«Mlor  KJeridf.      '1.   Spani;;mitf jehh  (. 

Om  StratifikafioiuMis  S|M>r.      .Vf  Dr.  ThnKlor  Kjeridf, 

I  .Vide<lnin«;  af  Seho|HMdiaiiers  af  dot  Thr<»u«Ihiein>ke  FidenskalnTs- 
selskah  heloiniede  Pries.  Afhandlini;  om  den  Frii-  \'illi<"s  Forh«)ld 
til  Sl\levidsth«Hlen.      .\f  M.  .1.  Monr:id. 

Fronj  the  Fnixersitv  of  Christiania. 
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Dr.  Robert  Grim.shaw  read  a  paper  on  "Cork  Utilization,"  whieli 
was  discussed  by  Me.ssrs.  Nystroni  and  Orr. 

Mr.  Carbutt  read  a  paper  on  Heliography,  and  made  some  practical 
remarks  on  the  process,  at  the  same  time  exhibiting  a  number  of  beau- 
tiful specimens  of  the  work  and  its  varied  application  in  the  arts. 

The  Secretary  read  a  paper  giving  an  account,  as  far  as  has  been 
made  known  to  the  public,  of  the  "Autoplate"  x)f  Louis  Brown  &  Co., 
and  a  number  of  specimens  of  the  work  were  exhibited,  also  some 
large  "Plioto-gravures"  of  Goupil  &  Co.,  supposed  to  be  made  in  a 
a  similar  manner  to  the  Autoplate,  and  kindly  loaned  for  the  occasion 
by  Messrs.  Earle  &  Son. 

Mr.  Joseph  J.  AValton  exhibited  Queen's  new  form  of  Tisley's 
Comi)ound  Pendulum  for  the  iirst  time  to  a  public  audience  in  Phila- 
delj)hia,  and  a  number  of  beautiful  curves,  corresponding  to  sonorous 
vibrations,  so  well  known  under  the  name  of  Lissajous'  figures,  were 
thrown  upon  the  screen. 

The  Secretary's  report  included  accounts  of  Dickson's  process  of 
engraving  blocks  in  hard  rubber;  Barthelet's  Duplicator  for  producing 
a  number  of  copies  of  any  writing,  drawing  or  music;  the  Columbia 
Bicycle,  as  manufactured  by  the  Pope  Manufacturing  Co.,  with  the 
Cyclometer  for  indicating  the  distance  traveled ;  also  the  Lantern,  Alarm 
Bell,  Saddle  Bag,  etc. ;  Portable  Wash-stands,  giving  an  instantaneous 
flow  of  water  without  connections  with  the  city  supply ;  Xichol's  Acitl 
Syphon  Pumps;  Cooper's  plan  for  reference  books;  Denison's  Patent 
Reference  Index;  Lever's  method  for  wire-sewing  books;  Hoyt's 
Indestructible  Binding;  Ferree's  Binder  for  magazines,  pamphlets, 
etc. ;  Creswell's  Double-hinged  Open  Link ;  R.  &  J.  Beck's  Economic 
Micrcscopes,  monocular  and  binocular;  Godley's  Patent  Improved 
Loose  Wheel  for  Railroad  Cars;  Pohl's  Adjustable  Metallic  AMuing; 
Xvstrom's  Metallic  Thermometer  for  ascertaining  the  temperature  of 
steam ;  Schutte  &  Goehring's  Water  Jet  Vacuum  Pump  for  laboratory 
iLse;  I.  Xewton  Peirce's  Patent  Portable  Boiler  Covering;  Rebound- 
ing lock  principle,  a.s  applied  to  the  Smith  and  AVesson  Revolver,  and 
an  exhibit  of  the  various  products  of  the  Health  Food  Company  of 
New  York. 

Mr.  John  AA'.  Xystrom  read  a  paper  upon  the  cau.se  of  steam 
boiler  explosions,  and  illustrated  it  by  drawings  on  the  blackboard. 

On  motion,  the  meeting  adjourned. 

Isaac  Xorris,  M.D.,  Secretary  pro  tern. 


.Ill  1 1!  Nil, 
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Thk    Kriiiiklin     Instilnte    ix    not    re^jKmsible    ft»r    lh«?    statetut-nf.   aixi    i.|.im..n- 
advaiifi'd  l)v  conlrilmtorH  to  the  Journal. 


A     (IKNKKAL     DTFFEUEXTIAL     EQrATlON     '.N     TH 
TIIKOKV  OF  TIIK  PKFOliM ATION  OF  SFRFACtX 


Bv  Thomas  Cuak;.  V.  S.  Const  and  (ietKktu-  Mirvev. 


llic  Ial><)rs  of  niaiiy  ^n'oin«'t«'rs,  juitablo  ainoutr  wlioin  an*  I^^iirnmju- 
and  Gauss,  liavr  l)roii«:lit  to  a  liiirli  state  of  iH'rfiM-tion  ami  p-mnility 
tho  thoorv  of  the  ortlioinorpliic  nprt'si-ntatioii  «»f  <>iu'  surface  tijMin 
another. 

Lajrmnjro's  memoirs,  t\v(»  in  niimlKT,  art'  contair.fHl  in  the  *'  Memoire* 
(U-  rA<-a(KMnit'  dcs  S-it-nc-ts."  of  I^TJin.  for  1779,  I^»<:ran>rt'  \n'Tv  L'ivos 
tlu>  most  <;('iu'nil  tlu'orv  of  ortliomor|)lii('  pnijcition  c-onsi-tnit  with  tin- 
condition  that  all  panilh'ls  and   m<ri<lians  shall  U*  projnte«l  in  rinU>. 

( Janss's  memoir  was  inon'  irenoral  in  its  natnro  than  that  of  j^»<rranL'<-. 
alth<)n<;h  he  n'irrcttiil  the  nee«'>sity  which  he  was  nmler  of  i-«>nfniin^ 
himself  to  the  simpler  cjises  of  map  construction,  and  expresjjetl  the 
ho|K'  that  at  a  future  time  the  investigation  wouM  l)e  n-sunuHl ;  hut  it 
nev»r  wjLs  air.iin  studied  l»y  ( Jaus^,  so  tar  as  we  c:ui  judjri»  from  hi.- 
puhlished  |)a|M'|-s. 

Neither  of  these  ^rt-at  math«inaticians  seems  to  have  given  any 
attention  to  anotlur  ph:iM>  of  the  ;reneral  proKlem  of  n'pn>entiih:  «»ne 
surfaiv  upon  another,  viz.,  hy  actual  development  tletorinin;;  the  given 
surface  until  it  c<)in<'idi>s  with  the  surfatv  of  pnjtN-titMi,  «»r  >urfsur  U|H»n 
"Whole  No.  Vol.  CVIII.— (Thikd  Skrikh,  Vol.  Ixxviii.)}  21 
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which  it  is  desired  to  represent  the  given  surface.  The  principle  of 
development  is  the  base  of  many  valuable  methods  of  projection,  nota- 
ble among  which  is  the  polyconic  projection  used  in  the  office  of  the 
U.  S.  Coast  and  Geodetic  Survey ;  these  methods  are  all  well  known 
to  those  who  are  interested  in  this  subject,  so  nothing  further  need  l)e 
said  of  them  here. 

The  immediate  object  of  the  following  very  brief  paper  is  to  deter- 
mine the  general  differential  equation  of  all  surfaces  which  may  be 
developed,  or  deformed,  upon  any  given  surface. 

The  idea  of  obtaining  such  an  equation  is  not  new,  though  I  have 
only  seen  it  referred  to  in  one  place,  but  the  following  investigation 
and  its  results  I  believe  to  be  quite  new. 

M.  E.  Bour  wrote  a  most  valuable  memoir  upon  the  subject,  enti- 
tled "  Theorie  de  la  deformation  des  Surfaces,"  published  in  the 
"  Journal  de  I'Ecole  Polytechnique,"  Vol.  22.  In  tlie  beginning  of 
the  paper,  however,  M.  Bour  expressly  states  that  he  will  not  give  the 
general  solution  of  the  problem,  and  in  fact  confines  himself  to  tlie 
case  where  the  quantities  E  and  G  of  the  text  are  =  o,  and  also  uses 
tlie  variables 

y=p  —  iq. 

It  is  a  well-known  fact,  that,  if  we  have  given  the  equation  of  any 
surface  in  rectangular  rectilinear  co-ordinates,  we  may,  by  means  of 
this  equation,  expre-ss  the  three  co-ordinates  of  any  point  of  this  sur- 
face as  functions  of  two  independent  variable  parameters,  say  p  and  q; 
and  that,  convei'sely,  if  the  co-ordinates  x,  y,  z  are  thus  expressed  as 
functions  of  the  two  parameters,  these  expressions  determine  the  sur- 
face ;  viz.,  by  elimination  of  the  parameters  we  obtain  the  equation 
/  [x,  y,  z)  ^=:  0  of  the  surface. 

We  may,  as  is  customary,  of  course  consider  the  parameters  p  and  q 
so  determined  that  the  equations  of  the  two  sets  of  lines  of  curv^ature 
shall  be 

f  =  const.,  /  /  ^^  const., 

p  =  const.,  I  ?  =  const., 

that  is,  we  may  regard 

f  =  const.,  p  =  const.,  q  =  const. 

as  the  equations  of  these  orthogonal  surfaces. 

The  expression  for  the  element  of  length  on  the  given  surface  is 
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where 

2  /'  =  (''•'•  ''•'•)    -u    (<V  ''-y)    +    I'll  ^/-') 

Now  .suppcst'  a  second  surface  to  exi.^t  wliidi  i.s  su.scej)tihle  of  devel- 
opini'iit  ii|Htii  tli('  first.  Call  ^,  r^,  c  the  co-<»rdi nates  of  any  |x*int  and 
d  a  the  element  <»f"  h'n<;th  in   thi.s  cjise. 

\'i  thi.s  .second  surface  can  he  (h'veh)|)ed  upon  tlic  first  it  will  l)e 
neccKsarv  and  snilicient  that  the  |>(>ints  u'i  the  one  h<'  made  to  corres- 
])ond  to  those  of  the  other,  that  we  sliall  have  ils  =  ih  in  everv  dire*-- 
tion  around  two  corresponding  points. 

This  e<piality  must  liohl,  then,  whatever  Ix'  the  values  of  dp  and  </</, 
which  <lefine  tlie.se  diflcrcnt  dii-cctions. 

Now,  for  (IfT  we  havi' 

>lrT-  =  K',lp.^  -r  zFhlp  <hi  +  G\l(f 
and  for  f/<T  =  <J.s  we  must  have 

E=  E\F=  F\  a  =  (1\ 

It  follows  from  this  that  the  thn^e  new  variahles  c,  J^,  C  tire  three 
functions  of  y>  and  <y,  such  that,  heini;  suhstitutt-d  for  .r.  u.  z  in  e<]ua- 
tions  2,  these  ('(piations  shall  he  identically  satistie<I. 

Conversely,  every  solution  of  e(piations  2  will  furnish  a  surface 
•which  may  be  developed  upon  the  j^iven  surface.  It  is  only  neeess;irv 
to  eliminate  from  these  tnpiations  any  two  of  the  (juantities  x,  v.  *  i" 
order  to  find  the  de-sirtHl  e«juation  which  will  1h^  the  re^ndtinj;  ditVcren- 
tial  equation  .s;itisfie<l  hy  the  remainin«r  rpiantitv,  siiv  hv  :.  ^^^•  have, 
now,  from  the  fii*st  and  third  of  2 


\dp)     ^     \,lp)  \        \dp)  , 


For  convinicnce  write 

~    ^       \dp)  , 
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then  we  may  replace  these  two  equations  by  the  four 

dx  a  dx  o 

—  =  a  cos.u,  —  =  p  cos.^, 

dp  dq 

5 

_£.:=:  a  sin.^,  -A  =  ^  sm.^. 

dp  dq 

The  second  of  2  now  becomes 

a^  (cos.  d  COS.  f  -t-  sm.  d  sin.  (p)  =  F —  —  ^  =  ya^. 

dp  dq 

or 

6  Cos.  (^ — d)  =  y. 

Differentiating  the  equations  of  the  first  row  of  5  for  q  and  p 
respectively,  and  subtracting,  we  eliminate  a,  the  same  operations  per- 
formed upon  the  second  row  eliminate  y  ;  we  have  then 


cos. 


,   .     a    dd         d3  a  t   'J  •         dip 

a  sin.c/    —  —  -^    cos.c/+/^sm.^    -JL  z=z  o, 


da 

dq  dq  dp  '  '  '     dp 


da     .    Q  ,  />    dd         d3     .  Q  dip 

sin.C'+a  cos.a    —  —  -^   sin.^ — dcos.ip    -Z  =  o. 

dq  dq         dp  dp 

Multiply  the  first  of  the.se  by  cos.  d,  the  second  by  sin.  d  and  add ; 
tlien  multij)ly  the  first  by  cos.  ^  and  the  second  by  sin.  (p  and  add  ;  we 
have  then 

^  _  f    cos.(<p-d)  +  ,9  ^  sin.(^-^)  =  0, 
dq         dp  dp 

8 

da  ,  n,  dd  .        ,  ns.  f/;9 

—    cos.fcc — o)  -(-a  —    sm.{(f — o)  —  -'^  ^=  a, 
dq       ■  dq  dp 

^^       '  dp        pi  V    dp         dqJ, 

dq  a   Ldp  dq-i, 

For  brevity  we  may  also  write 

Sin.(^-— 19)  =  r 

then,  since  cos.  (^ — d)  =  y,  t'  =  1 — p^.    Equations  9  are  now  -written 


or 
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d(f  }. 

dp         T, 
10 

^  =  /' 

dq  T. 

From  the  expression  ccB.  {<f—d)  =  r  ^v"'  I'^^^'t^  k^  ditfercntiation 


11 


dd  _  1  (;  _  '^r\ 

dp         T  \         djj' 


Finally,  form  the  exnrc-i^ions  for  L±-  from  lu  an.l  11.  iiikI  f<mate 

dpdtf 


the  results 

^   dX  _  J^  dr  _   \    /dn  __  ^Pr\   __^    ('''i—'^)    - 

^"      r  ^7  r'    d>i  ~   7    \dp         dpdql  ~  \  '       <hj/    dq. 

From  the  relation  1  —  f  z=  z-  we  have 
dT  dy 

dp  d^t 

13 

dz  dr 

T =     —X       '  , 

dq  dq 

E<iiiation  12  now  hee-omes 

\dq  dp  dpdqf 


14 


r  L  ''r  „  ;,  -'r  +  '"■  '>r\  =  „ 

\      dq  dp  lip   (iq/ 


wlueh  oontiiins   oiilv  K,  F,  '»'  and  the  differential  wK'fficients  of  these        ' 

•  luantities  and  z  with  re.>*iKHt   to  p  and  7.  and   i>  tvn.-^rjuently  the  dif-        | 

ferential  e(|nation  soui^ht. 

Denote  now  hv  k  the  (laussian   meiU-^Ure  of  eurvatnre  iriven  l»y  the 

■expression 

""       -'  ^-»   ^,/^irt/7    ~dJJ]    dqlvKdp    dqli^ 

where  F'  =  A'  (r  —  F'  and  f  denotes  the  determinant 
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E. 

dpi 
dE 
dq) 


dG 
dpi 
dG 
dq} 


F 

dp 
dF 
dq 


Again,  denote  for  brevity  the  minors  of  tliis  determinant  corres- 
ponding to  any  element  by  placing  that  element  in  brackets,  thus, 


im 


also  write 


—  dG  dF        dG  d  F 
d  q    dp 

9  dF 
dq 
.^  dF 


dp 

dq 

A  — 

dG 

dp 

B  = 

dE 

etc. 


dq  dp 

Substituting  now  in  14  the  values  of  X,  /i,  r,  y,  a,  ^  we  find,  after 
some  rather  tedious  but  not  difficult  reductions,  the  following  form 
for  this  equation 


4.V\rt-^)^i4.GyG{'h 


'G 


d    F 


di 


dp       dql   G  /  dp 


E-^  +  A  f\ 


dq^ 


dq 


_^JgdE  dz_^j^dG  dz\^f^^^E( 
\       dq    dn  dp    dq/  K.  \ 


-^/dvE 


d     F 


) 


dz 


d  q     dp  yE/dq 

-(G±^^+BF)^\t 
\      dp  /  dp ) 


16     + 


+ 


La  dq  dp  ]/  Q  J  J  \dp/ 


\~dp       p      dq       p    dq  J  }  dp  dq 


f. 


yE^^-E."^ 


B 


<.'1i/e\—^^ ^,^L-j/i  — I 

I  \~dp  dp  dq    /E  )  \dq/ 


L+2[G]  I  (^Y—2V*k=o 


where  r,  s,  t  denote  respectively  the  second  derivatives 
d^z  d?z  d^z 

dp^,  dpdq,  d  (f. 

It  is  to  be  observed  that  this  equation  is  linear  in  {rs-i^)  and  in  r,  & 
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and  /,  :iii<l  is  in  lU't  a  partial   <lit!<-n'ntial   (••juation  of  tin-  .scr-orul  onler 
•  if"  tin-  lorrii 

I'r-^su^-rt  f  V[rH-t)  =  ir, 

wlicii  li,  >',  7',    r  :in(l    Han-  irivrn  fntu-tinns  t>\'  s,  ij.  :.      *       ^    or    of" 

jj,  7,  A  jjciicnil  ini<7rraln>M  i>..t  «(.iir>4-  lnl|x^.■^^|l^le,  .S4)  wi-  will 

dp,  d(/. 

n<»to  only  a  i'vw  siM-^-ial  c-ws.      If  we  consider  now  that  tin-  tlin-*-  .-ur- 

lafcs/,  y>,  ry  art'  ortlioj^onal,  then  the  curvc-s  ^iven  l»ri«'Mv  ixs  p  =  (■••n.'^t. 

Y  =  ron.st.  cut  at  ri^lit  an^U-s,  .^incx'  they  ln'Ion^  to  the  tw<»  diflVn-nl 

lines  of  curvature,  and  f<»r  thi»  c:i.«'  /*' =  o  and  e<juation  1«»  takes  the 

i/'"iA7;(w-n ,  (■'•''•=■'■•_/,••*'•■  •'^'),.    ^(.r"-i^+E'iiL  •'•■). 

\  liji     lip  Jij    litj/  \        dfj   dp  dp    dqJ 

\  ilif   dtf  dp   dpf  Ltiry  dq  df/        Q    dp  J 

lip  iti/  l^Uji  dp  dp        J.'     d>i  j\d<ff 

where 

,.  ^  _^  i  il i__  ii(j__  d_      I      dE  \ 

'  ^^P  I   ET;    dp      df{  ,   -jFTv    J'f  < 

|-\(r  A'  ^  (i  thi-  Int'oniey 

dp  Ldjt  «/</    J  ,/»/   L(/y  </y>    J 

r'(V      ''^v'       '       '^y'     i  \dpl      \  '  dp'  "^  '  dp' 

Suj»|>os*'   in   e<|uation    1»»   that  A' =  (t'  =  n:  this  n>«|uin>   that    trie 
<|uantities  (hMiote<|  hy  a  ami  li  shall  Im^  iina^inan*-   or 

//  =  I  a'     /9  =  I  ^if', 
it  wouhl   he  eonvdiieiit    in   startini;   fnun   this   hy|Mttlu-sis   to   ux-   the 
inuiirinary  variahles  already  «lefined  as 

T  =  p     .     I  fy, 
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however  it  is  not  the  intention  to  dwell  on  this  point  as  Boar's  memoir 
treats  the  case  so  fully.  The  form  which  the  general  diiFerential  equa- 
tion assumes  in  this  case  is,  however,  noteworthy.  Assume  ¥=20, 
then  we  have 

[rt-H^)  — — — r  — —  t 

0     dq    dq         0    dp    dp 

19  fgl  /  d^0_l    d0    d0\ldz  ^  ,  9n  ^  d,0__d^l 

L  ~0\dpdq     ~0    ~dp    Iq/Jdp  dq        L0    dp     dq      dp  dqJ 

=o; 

add  and  subtract 

1    d0    d0    dz  dz 

0"^    dp     dq    dp  dq 


and  this  becomes  readily 

,^ldz  dz_  wjW'log.  0 
\dp  do         /     dn  do 


dp  dq         I    dp  dq 
(^._dz  d\og.  0 
V       dp        dp 
Make  in  this  equation 


20      ,  (^._dz  dlog.  0\(^__dz  d\og.  <^\_^ 
V       dp        dp      }\       dq        dq      / 


il  il  =   0 
dp  dq 

and  we  find  that  tiie  equation  is  satisfied,  therefore 

dz  dz  ^,j 

dp  dq 

is  a  singular  solution  of  the  differential  equation. 

If  we  make  ^  =  1,  jP  =u=  o  and  G  a  function  of  p  only,  we  come  to 
the  case  of  the  development  upon  surfaces  of  revolution,  a  particular 
case  of  which  has  been  studied  by  Weingarten  in  A-^ol.  59  of  "  Crelle's 
Journal."  There  are  several  other  suppositions  which  might  be  made, 
and  which  would  conduct  to  interesting  results,  but  the  object  of  the 
investigation  ha.s  been  attained,  and  so  I  leave  the  subject  here.  I 
think  it  quite  po.ssible  that  a  singular  solution  might  be  found  for 
equation  16  (or  equation  17,  which  is  a  sufficiently  general  form), 
which  would  prove  valuable  in  studying  the  general  geometric  propor- 
tions of  this  class  of  surfaces. 

It  is  to  be  observed  that  for  E,  F,  G  constant  (including  the  case  of 
F  ^  o)  16  reduces  to 

r  t  —  &•-  =  o 
the  simjjlest  class  of  developable  surfaces,  viz.,  those  which  can  be 
developed  upon  a  plane. 

Washington,  D.  C,  August  24,  1879. 
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FUTrUi:   \V.\'!'K1{  SCI'I'LV   Ol'   rilll.ADKIJ'Ill  A 


I{y     IIk.NHV     p.   M.   iilKKINHINK,    M.  K. 
Read  iK-forc  the  Franklin  Institute  at  \\n  meeting  (X-tnlwr  lotli,  1S7!». 


I  have  hiul  tin'  linixir  of  reading  two  pajM-rs  iH-furc  \\\r  Institute- 
iipoii  tlie  "Future  Water  Supply  of  IMiiladelpliia."  '  In  the  first 
l»a|>(r  some  of  the  avaihihh'  .sources  were  exatiiint-*!:  the  S-huylkill. 
Dehiware  and  the  IVrkionieu;  their  vohinie  an<l  tlie  pr(.'>4'nt  and  pro- 
.spci'tivc  comparative  purity  of  the  water  e<)mpare<l.  In  the  H'<*«tud 
paper  the  means  now  iise<l  an<l  th(>^^c  pro|M».<e<l  for  st-t-uring  a  suj)ply 
from  th(^so  .sources  w«'re  prese'nte<l  and  analyzinl. 

It  w:ls,  no  (loiil)t,  evident  to  tlio.se  wiio  heard  tlic**  pajR'rs,  or  who 
have  read  them,  that  oiieoltjeet  in  prest^ntin^  them  JH-fore  tlie  In.stitute 
was  to  demoiistnite  the  pnictie:iliility  and  de.viralilem-ss  of  s<-enrin;r  a 
supply  of  water  for  the  city  (tf  I'hiladelpiiia  from  the  I'erkiomen  hy 
gr.ivitution,  a  {jrojitt  reportetl  ujion  aiul  rittimujemletl  to  tiie  C'ouneil.- 
of  Philadelphia  in  186(3. 

I  have  Ix'eii  re<piested  to  read  an(tther  pa|M'r  UjM»n  this  im|>ortant 
suhjeet.  The  ri'<piest  has,  no  douht,  Uen  prompteil  hy  tlie  inten-st 
ereateil  hy  sovenil  arti<'les  in  the  daily  pa|>4'rs  and  the  ahlo  arti»-Ie  ujwtn 
the  "  Future  Water  Sup|»ly  of  Philadelphia,"  hy  James  F.  Smith,  C.K.. 
in  the  l:Lst  numher  of  the  Joi'itN.M.  (Octoher). 

A  fl<r  waiting  so  many  yea  is  it  is  a  .source  of  ^ratificiition  to  have 
the  j)ul)lic  en<lorsi'ment  of  this  jjroji'ct  hy  an  engineer  of  the  standini: 
and  louj^  e.\p<'rience  of  James  F.  Smith,  ('.  K.,  whose  ilulii's  as  the 
eufijineer  of  the  Sehuyikill  Xavii»ation  Com|)any  have  r.iatk?  him  (kt- 
.s«)nally  actpiainted  with  this  |Kirticidar  re^jion  and  with  the  stonip' and 
.su|>ply  of  water  from  .Mreams  in  the  draina.;^'  area  of  the  Schuylkill. 

W  hile  the  Commission  of  Kn^iiieers,  ap|N>intetI  in  ISTO  to  re|n»rt 
upon  a  better  supply  of  wat»  r  lor  Philadelphia,  pive  the  Perkiomen 
u;r:ivity  plan  their  unanimous  approval,  th<y  >iiv:i:e>t<'<l  so  ntanv  oijur 
plans  that  it  is  h;inl  to  ilccidc  what  tin  v  did  <>:•  nu  ant  t  i  n-<"onunend 
l)v  their  report. 

1  fully  ucknowleiijie  my  obligations  to  Mr.  Smith  jH-rs*<n;;iiy,  and  Jt" 

♦See  Journal  ok  tiii:  Kr.vxki.ix  In.<tititk  for  M.iv  nml  Julv,  l8Th. 
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a  citizen  of  Philadelphia,  for  the  great  amount  of  care  and  attention 
he  has  bestowed  upon  the  consideration  of  this  imj^ortant  subject,  and 
the  valuable  information  given  to  the  public  in  his  article.  Statements 
made  by  an  engineer  of  his  standing  and  experience  will  be  accepted 
without  question,  as  they  should  be;  and  yet  there  may  be  facts  in 
connection  with  the  subject  which  have  not  come  under  his  notice,  or 
conclusions,  based  upon  the  representations  of  others,  which  may  be 
incorrect.  It  is  for  the  purpose  of  making  some  explanations  and 
adding  a  few  additional  facts  that  this  paper  is  presented  for  your  con- 
sideration. 

In  the  water  supply  of  a  city  the  head  under  which  the  water  should 
be  furnished,  and  the  quantity  required,  are  among  the  most  important 
points  to  be  settled,  and  this  should  be  done  before  any  work  is  under- 
taken. These  questions  are  readily  answered  by  asserting  that  the 
greater  the  head  or  pressure  and  the  larger  the  volume  the  better. 
This  is  true  in  the  main,  but  there  are  circumstances  and  conditions 
which  modify  and  restrict  both  of  these  essentials  to  a  practical  limit, 
and  the  proper  head  and  (juantity  become,  therefore,  important  sub- 
jects of  inquiry. 

The  head  or  pressure  of  the  Fairmount  reservoirs  is  but  96  feet 
above  city  datum,  54  feet  above  the  highest  and  84  feet  above  the 
lowest  grade  of  the  streets,  and  as  these  furnish  the  most  densely  pop- 
ulated and  the  business  centras  of  the  city,  an  augmented  head  would 
be  of  great  advantage. 

After  a  careful  examination  of  the  entire  area  covered  by  the  city  it 
was  found  that  a  reservoir  at  an  elevation  of  170  feet  would  command 
almost  the  whole  area,  and  that  the  parts  lying  at  a  greater  altitude 
would  necessitate  another  system  of  about  double  this  elevation,  leaving 
a  few  small  districts  demanding  a  still  greater  height.  It  was  there- 
fore decided  that  a  supply  furnished  at  an  elevation  of  180  feet  would 
meet  the  requirements  of  the  city  better  than  any  other  head.  This 
pressure  or  force  would  not  be  too  great  for  the  old  pipe  system  and 
would  be  sufficient  to  reach  the  upper  stories  of  the  larger  buildings, 
and  would  give  a  more  satisfactory  supply  through  the  fire  hydrants. 
This  being  settled,  the  next  question  was,  how  large  a  supply  must 
be  provided  to  meet  the  prospective  demands  of  the  city — a  more 
difficult  one  to  answer,  as  no  one  can  predict  what  the  future  of  this 
city  may  be — and  if,  as  some  assert,  it  is  destined  to  become  the  London 
of   this  continent,  and  its  inhabitants  counted  by  millions,  it  would 
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rcfjiiire  correHpomling  works.  It  was  thought  lietter  to  fore«Lst  the 
fiitun'  l)y  the  Ijistorv  <»!'  the  i>a.-<r.  Iti  lM«;o  it  wji.**  foiiiul  that  the 
(IciiuiihI  for  water  had  more  than  MouhUil  in  ten  yejirs,  an«l  was  then 
an  aveni^e  of  over  .'iO  million  gallons  \K'r  (hiy;  from  tlii.**  it  is  estinmte<l 
that  150  million  j^allon.s  |)er  day  wouUl  furni.«<h  an  amph-  .supply  for 
the  incnuL'^e  at  that  nite  for  at  h^t^t  20  years,  or  until  the  <ity  nnnilH-rs 
lu'tween  two  and  thnn-  million  inhahitant.s.  J>ut  this  rapid  in«n-:LM- 
will  Hcare-ely  he  rejdi/e<l,  and  it  is  prohaMc  that  the  ahove  (piantity 
(1  r>0,()0(),()(M)  <.r:dlons)  will  fiirni-h  a  (•o|)ious  su|)ply  for  the  ne.xt  half 
of  a  century.  The  increju-e  in  the  nund>er  ttf  pillions  of  water  supplif<l 
in  1875,  as  compare<l  with  1865,  was  neiirly  37  jH-Twut.  Tiie  amount 
supplieil  for  the  yejir  1878  was  an  average  of  ne:irly  5.'i,(XM),(MH)  jr-dhuis 
per  (lav.  These  two  fjwtors  wen*  then  adopte<I  as  a  hasi.s,  and  tin-  sur- 
vevs  and  e.\aminalions  n)ade  for  the  purpos(!  of  .securing  a  njinimuni 
supply  of  loO  million  giillons  j)er  day,  deliveretl  into  a  reservt»ir  in 
the  citvat  an  elevation  not  less  than  170  fe<'t  alnive  •ity  datum.  Sur- 
v«'vs  wen-  made  of  all  the  stnams  of  any  imiMtrtam-*'  within  thirty 
miles  (»f  the  citv.  llic  Delaware  River  was  al.'Jo  examineil  as  tiir  ii|» 
as  the  Water  ( Jap. 

The  I'erkiomen  was  lound  to  posM'ss  all  the  requirements  ot"  ipian- 
tity  and  elevation,  ami,  so  far  as  pres<nt  an<l  pros|)eetive  t-omiMinitive 
purity  of  the  water,  it  was  ecpiah-*!  hy  n<»ne  of  the  other  .souret-s 
e.\amine<l.     This  stream  was,  therefore,  reeommendinl. 

.V  m<»st  desirahle  hn-iition  was  found  for  an  im|M)unding  reser\'oir. 
not  at  as  jjreiit  an  elevation  as  dtsire*!;  hut  the  l<K"ition  admits  of  the 
eonstru<'tion  of  a  dam  of  almost  any  ln-ight.  As  it  is  neither  nee«->- 
sirv  nor  desirahle  that  the  inh-t  <>f  the  a<pie<luet  >houM  Iw  plaeMl  at 
or  near  the  Intttom,  it  was  only  int»ndeil  to  draw  the  water  tor  the 
city  from  the  upptr  part  of  the  dam,  leaving  the  lower  jwirt  for  the 
aeeuniulation  of  susjK'ndi-d  n>att«r  l»r<»ught  into  the  reservoir  with  the 
water. 

Survey.s  were  nuide  lor  the  purpose  of  as4<ertaining  if  the  minimum 
liea«l,  170  fe«'t,  eould  Im*  .s<vure<l,  and  it  was  found  that  by  niising  the 
water  l»v  impounding  (55  tW-t,  the  ^urtiux-  would  Ik*  *J()1  t'eet  aU»ve  eitv 
datum,  and  e«>ver  15(K)  acres.  This  would  give  ample  hwiil  to  i»ver- 
•  -om(>  tViction  of  the  a(pu><luet,  and  allow  the  dam  to  U'  drawn  down 
from  12  to  15  fivt. 

The  Uutom  of  the  ("roton  aipUHluet  at  the  gate  ehaml)or  i.s  l)ui  1 11 
feet   below  the   surface  of  the  tlam,  and    the    L^K-h    Katrine  afpieiluct 
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draws  tlie  lake  down  seven  feet  below  its  overflow.  The  height  of  the 
proposed  dam  need  not  be  restricted  to  65  feet;  it  can  be  made  100 
feet  deep,  or  deeper,  if  necessary. 

It  is  to  be  regretted  that  no  surveys  have  been  made  v/hich  would 
enable  the  actual  location  of  a  line  of  aqueduct,  but  from  some  little 
preliminary  work  and  an  examination  of  the  country  between  the 
Perkiomen  and  the  city,  lines  of  aqueduct  at  the  proposed  elevation 
are  practicable  by  several  routes. 

Being  confident  that  the  Perkiomen  would  be  the  source,  and  grav- 
itation the  mode  of  supply,  at  some  time  in  the  future,  a  reservoir  was 
located  in  the  24tli  ward,  George's  Hill,  north  of  the  present  reservoir, 
and  was  placed  at  an  elevation  of  180  feet,  to  form  a  part  of  this 
system  of  supply.  This  was  to  have  been  constructed  by  shutting  up 
the  end  of  the  ravine  along  Belmont  avenue,  thus  forming  an  artificial 
lake  which  would  have  stored  225  million  gallons  and  cost  but  one- 
half  as  much  as  the  reservoir  built  in  its  stead,  which  stores  but  30 
million  gallons.  It  is  true,  the  surface  of  the  water  in  the  present 
basin  is  32  feet  higher  than  the  one  proposed  and  commenced  would 
have  been.  This  greater  elevation  commands  but  a  very  small  addi- 
tional area,  and  is  not  of  sufficient  altitude  for  the  high  lying  portions 
of  this  district.  The  change  in  location  has  not  only  given  the  city  a 
much  smaller  reservoir,  at  a  largely  increased  cost,  but  entails  an 
annual  expense  for  pumping  the  water  to  an  unnecessary  height,  which 
in  1878  amounted  to  $7,121.46. 

This,  then,  is  what  was  supposed  or  intended  to  be  done  by  the 
Perkiomen  project : 

Objections  Answered. 

Mr.  Smith's  objections  to  the  original  site  selected  for  the  construc- 
tion of  the  impounding  reservoir  are,  first,  as  follows :  "  It  will  be 
observed  the  conduit  from  the  lake  was  not  designed  to  deliver  water 
into  the  receiving  basin  in  the  city  at  a  greater  elevation  than  133  feet 
above  city  datum."  This  conclusion  is  arrived  at  from  statements  in 
the  report  of  the  Connnission  of  Engineers ;  but  it  has  been  demon- 
strated by  actual  surveys  that  a  dam  of  but  65  feet  in  depth  would 
deliver  water  by  gravitation  into  a  reservoir  in  the  city  170  feet  above 
city  datum,  and  allow  the  water  in  the  proposed  lake  to  be  drawn 
down  12  feet.  These  facts  have  never  been  controverted,  and 
the  Commission  of  Engineers  used  the  same  figures ;  therefore  it  is 
evident  that  they  proposed  to  loose  47  feet  in  the  declivity  or  fall  of 
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the  conduit  to  tli--  citv;  an  iiiinw«'j<Kirv  hi-aA,  iv^  Mr.  Smitli*H  calcula- 
tions deinrmstrat*'.  He  estiinaterf  a  Iohs  of  25'1»4  feet  in  the  entire 
|tii;rfli  (»r  111-;  i)ro)M)H'«l  conduit,  or  OlM  fM-t  jmt  niil<-.  The  fall  in  the 
Proton  a(|U<-«hict,  New  York,  is  from  O'Ool  to  riM()  IWt  jmt  iniN-. 
I  lie  fall  in  C<H-hituato  aqu<-duct,  Iio«ton,  is  hut  0-45  feet  fjcr  mile, 
including;  the  |>i|«'  condnit  ;  in  Lo<h  Katrine  a(|ue<lu(i  it  i«  0-s:j:J  fti't 
|»er  mile,  and  in  the  W'jLshin^^on  a<|Ueduet  <>'7*J2  fe<'t  to  the  mile.  I 
l>ro|MiK«'d  to  u.se  a  fall  of  20  fe*'t,  or  ()'727  fe<'t  jht  mile,  in  lirin^in^  in 
(he  water  ()f  the  IVrkiomen. 

From  the  above  it  is  evident  that  Mie  tirst  l«K-5ition  hit*  surtieicnt 
elevation,  and  it  wius  (h-signe*!  to  su|»|)ly  all  the  res<'ivoii-s  it)  tin*  eity 
with  the  exception  of  the  Koxliorouj^h  an<l  Mt.  Airy,  whirh  have  an 
altitude  of  .'565  feet.  This  l«M':»tion  \\:ls  also  sel«'«'t«'<l  l»y  the  Conuuis- 
sion  of  Mnj^ineers,  who  |)r<i|M»s<Hl  a  <lam  t<'n  fc«'t  dt-^iM-r  than  tin-  -ur- 
veys  for  the  luinitnutn  |)r<»vnl  to  l)c  nettssary. 

An  insjMMticin  (»f  the  contour  map  pn'pare«l  l»y  the  \\  ater  lK'p:irt- 
ment  shows  that  a  reservoir  with  the  water  surface  IMO  fii-t  alxive  <-ity 
datum  will  pnictically  supply  the  entire  <*ity,  so  that  the  pro|x»se<l 
ailditional  iiead  of  GH  feet  will  Im-  of  little  actual  value,  :ls  it  wouhl 
nidv  sujiply  a  narrow  strip,  lyinir  Ix'tween  an  elevation  «>f  \'^^^  an<I 
l!l()  ft'ct,  not  thnv  Hjuare  miles  in  areji.  This  additional  prirs-iure 
would  niahe  it  neccssirv  to  cmptv  !>')  jkt  cvnt.  of  the  water  into  ami 
-u|>i>Iv  it  from  rcx-rvoirs  (»f  les>^  elevation,  il-^  the  h«-:id  on  the  low 
Ivin^  ilistric(>  wouM  lie  nninMiii  n  :i!>|«-  ntid  dcstru«"tivc  to  the  oM  pi|»e 
systems. 

The  ri-servoin-  known  a-*  the  Shuylkill,  I Vlawan*,  an«l  Corinthian 
avenue,  when  i-onsidcrnl  as  a  jKirt  of  the  water  >upply  of  a  pn-at  city, 
are  of  little  impoiianrv  on  actntunt  of  their  limitnl  storap>  niiKiciiy. 
The  };rotu)d  they  <Hvu|>y,  ami  the  incnnLse<l  value  their  n-moval  wouKl 
irive  to  the  pnijM'rty  in  their  imiui-iliate  vicinity,  wouM  p»  far  tow^jnls 
paying  for  a  ri'scrvoir  of  ample  e:ip;icity  at  a  pn»|M'r  elevation.  The?** 
shouM  therefore  not  stand  in  the  way  of  an  arnui^ri'ment  which  would 
pla«'e  pnictie:dlv  the  entire  «'itv  under  one  system  of  -upply.  If  it 
has  Ihcu  demonstrateil  that  the  hKiition  for  the  dam  on  the  main 
streiuu  of  the  Perkiomen  aU>ve  S-hwencksvill-  ! :.-  a  sufUi-ient  hwwl, 
then  the  ohjii'tions  on  that  a««count  n>ay  U'  considenil  sis  an>wen»<l. 

The  Kccoiitl  objection  is  "the  ^rt-at  length  of  the  mound  iLim." 
When  yotj  are  infornuHl  that  a  dam  110(»  ft-ct  lonp  on  the  top  will 
raist*  the  water  G5  feet  and  I'ovcr  1  ">(X)  a<'ns.  anil  that  the  sttmijre  c:i|k»- 
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city  of  the  first  12  feet  below  the  overflow  would  be  5,000,000,000  gal- 
lons, and  that  the  foundations  and  abutments  of  the  dam  will  be  of 
solid  rock,  you  will  see  that  it  will  be  difficult  to  find  a  more  desirable 
location.  That  suggested  by  Mr.  Smith  was  examined  for  a  supple- 
mentary or  feeding  reservoir  when  the  demands  of  the  city  would 
make  one  necessary. 

The  third  objection  "  is  the  value  of  the  property  submerged  and 
expense  of  removing  the  railroad."  When  my  surveys  and  recom- 
mendations were  made  no  railroad  existed  in  the  valley.  The  surveys 
for  a  railroad  were  not  made  until  after  mine  were  completed.  This 
is  therefore  not  a  question  of  engineering,  but  is  simply  one  of  com- 
parative cost,  and  can  only  be  settled  when  the  value  of  the  property 
overflowed,  and  the  cost  of  the  several  dams  which  are  proposed  to 
take  the  place  of  the  large  one,  and  the  increased  length  of  the  aque- 
duct, at  least  4J  miles,  have  been  ascertained ;  then  it  will  probably 
be  demonstrated  that  the  original  location  would  be  the  less  costly, 
and  it  certainly  is  the  most  desirable.  To  carry  an  aqueduct  at  the 
proposed  greater  elevation  would  add  much  to  its  cost  of  construction 
and  also  to  its  length. 

Points  Settled. 

The  following  important  facts  in  regard  to  the  Perkiomen  plan  may 
be  claimed  as  demonstrated  : 

1st.  The  comparative  purity  and  desirableness  of  the  water.  All 
who  have  examined  it  agree  that  in  this  most  essential  requisite  it  is 
now  and  likely  to  remain  entirely  satisfactory. 

2d.  That  there  is  an  abundant  supply  of  water.  Mr.  McAlpine, 
one  of  the  Commission  of  Engineers,  estimated  the  daily  average  flow 
of  the  stream  at  331,000,000  gallons.  Mr.  Smith,  by  adding  the  East 
branch,  Indian  Run  and  Towamencin  Creek,  estimates  the  daily  aver- 
age flow  272,265,752  gallons.  His  estimate  leaves  out  six  miles  of 
the  main  valley. 

Calculations  based  upon  data  in  the  "  Report  of  the  Park  Commis- 
sion" gives  the  daily  average  flow,  at  the  point  of  the  original  location 
of  the  dam,  250,000,000  gallons. 

My  estimate  was  240,000,000  gallons  per  day,  without  taking  into 
account  the  East  branch,  Skippack,  Towamencin,  the  Wissahickon  or 
or  any  other  stream  the  Avaters  of  which  could  be  brought  into  the 
•conduit  on  its  way  to  the  city. 

There  can,  therefore,  be  no  question  but  that  from  150,000,000  to 
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1 7o,0(X),(X)0  ^allon.s  (-.in  Im*  st-tunMl  lor  a  -ii|)|»Iy  for  tli«'  city  afUT 
making;  all  (IcdiictioiiH  for  evajM»niti<»n,  niaka^c  and  waxt**  «tf*  storm 
water;  an  almiidaiit  .supply  of  watrr  lor  a  rity  of  more  than  douLJe 
the  inhabitants  l'liila<l<l|)hia  now  contain.*^,  with  mou^h  to  -npply  the 
towns  near  which  the  line  of  ai|Ui«lnit  would  i»a>*<,  and  huf)i<-icnt  for 
the  city  of  Camden,  .slionM  it  <h>in'  to  Im-  suppli<'<l  from  thi.'<  .•«ounv. 

od.  There  is  >iiflicient  elevation  to  furnish  all  tiie  city  with  wat<-r 
i)y  trravitation  from  the  fii-st  locsition,  with  hut  triflinj;  ex<t.'ptions,  not 
anionntin;;  t(t  over  three  jht  <vnt.  of  all  the  water  rM|uire<i. 

The  stnm^e  indilfcrence  of  the  puhlic  in  rcferciKx-  to  this  proje<-t, 
an<l  the  unwillinj^ncss  of  the  nninicipal  authorities  to  investijpitc  it, 
make  its  advocjicy  emharra-ssinj;  and  almost  haz;inlous  to  the  nputa- 
tion  of  an  enfrinecr  ;  hut  after  the  unanimous  endors4>ment  of  the  (  om- 
mi.ssion  of  Engineers  antl  the  pains  taken  hy  one  of  them,  the  most 
experienced  in  water  work.s  constru<'ti<»n  William  .1.  M' .\lpine-  to 
present  it  somewhat  in  tlctail,  with  p-neral  plans  and  cstimat^-s,  and 
the  endorsement,  after  a  thorough  ixamination  of  the  sul»)e«-t,  l»y  Mr. 
Janjes  F.  Smith,  ( '.  H.,  may  we  not  hojM'  that  the  projwt  will  at  least 
he  thoroughly  investi^at<d  hy  our  municipal  authorities? 

KffortH  to  interest  leading  men  in  the  city  government  have  U-cn 
mt  t  with  the  reply  of  "  What  is  the  use  of  t^dkin^r  alM»ut  it?  the  city 
«innot  increju«  itn  indel)t<'dness  (»r  undertake  any  enterpri.«*e  of  such 
magnitude."  Yet  since  the  l*erkiom«'n  pntjc<'t  has  hctn  Ufore  C'oun- 
<'ils  over  five  millions  of  d(»llars  has  \k'vu  e.\|K'nde<l  ujhiu  the  enlarp*- 
ment  of  the  water  works.  S»me  of  this  money  has  Ihx'U  worsi-  than 
thrown  away,  and  to-<lay  the  supply  of"  water  to  the  city  is  not  as  full, 
when  the  mimher  of  inhahitants  is  taken  into  ac<"ount.  Ver\"  few  of 
tiie  extensions  are  of  su<'h  a  character  as  to  be  of  a  |>ermanent  nature, 
and  are  only  sufticient  to  meet  the  pressitij;  ne^tssities  of  the  pn-M-nt 
tlemands.  Such  apjH'ars  to  Ik-  tlu'  j)oli<'y  for  tlu-  future,  and  it  will  Ik- 
ne(v.ssirv  to  make  lar^e  appropriations  alnu»st  rver>*  ve:ir  for  exten- 
sions. 

A  supply  Mowinj^  into  tJn-  city  hy  ^r:i\  itau'ii  would  alnt  sive 
:?1.")0,0(I0  |KT  anmim  in  cost  of  o|Hnitin^  the  works.  It  is  tlnn-fore 
evident  that  the  city  can  sive  nothing  l»y  pursuing  its  pn>s«*nt  policy 
in  relati<»n  to  its  water  supply.  \N'orks  of  the  proj>os«tl  chanutiT 
and  capacity  when  coinpletcil  will  retpiire  no  further  ex|H'niliture>  lor 
mfmy  years  to  come,  and  allow  the  hunieuetl  tax-payer  rest,  so  far  as 
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the  demand  for  water  works  extension  is  concerned,  for  a  generation 
or  more. 

The  cross  sections  of  the  different  aquedncts  are : 

Boston,  Cochituate. — Brick  conduit,  oviform,  6  feet  4  inches  by 
0  feet.     14-627  miles  long.     Total  fall,  3-74  feet. 

Mystic  Pond. — Brick  conduit,  oviform,  5  feet  by  5  feet  8  inches. 
3000  feet  long.     Fall,  0*5  foot  per  mile. 

Sudbury  River. — 7  feet  8  inches  by  9  feet;  16  miles  long ;  capa- 
city, 70  million  gallons  per  day;  fall,  1*055  feet  per  mile. 

New  York,  Crotox.— 7  feet  5  inches  by  8  feet  5|  inches;  length, 
38  miles;  fall,  0'504  to  1*106  feet  per  mile. 

Baltimore.  Old  Aqueduct, — Same  as  Cochituate ;  fall,  1  foot  per 
mile ;  flow,  30,000,000  gallons  per  day ;  4f  miles  long.  Neio  Aque- 
duct.— 12  feet  diameter,  7  miles  long;  fall,  one  foot  per  mile;  capa- 
city, 170  million  gallons  per  day. 

Washixgtox. — 9  feet  diameter,  ]1|  miles  long,  fall,  0*792  feet 
per  mile ;  capacity,  67  million  gallons  per  day. 

Using  Robert  K.  Martin's  formula,  incorrectly  printed  in  the  Jour- 
nal of  October,  page  244, 


jr [180  X  head  in  feet  X  diameter  in  inches 


\  Length  in  feet. 

An  aqueduct  from  the  Perkiomen  to  the  city,  26  miles  long,  14  feet 
diameter,  with  a  fall  of  20  feet,  will  discharge  200  million  gallons 
])er  day. 

Limits  of  the  Animal  and  Vegetable  Kingdoms. — Prof. 
Stein,  in  his  beautiful  work  on  the  flagellate  Infusoria,  distinguishes 
the  lowest  animals  from  vegetables  by  the  simultaneous  presence  of 
vibratile  cilia;  contractile  cavities  and  a  nucleus.  Protozoans  have  all 
three  of  these  organs,  but  he  thinks  this  cannot  be  said  of  any  vege- 
table. E.  Maupas  shows  that  the  zoospores  of  two  Algse,  the  3Iicro- 
sporafioccosa  and  an  unclassified  Oedogonium,  have  well-marked  nuclei, 
together  with  the  cilia  and  contractile  cavity,  and  concludes  that  neither 
physiology  nor  morphology  furnishes  any  criterion  for  distinguishing^ 
animals  from  veo;etables.  Claude  Bernard  has  established  the  bioloo;i- 
cal  unity  of  all  living  organisms,  and  Protozoans  aud  Protophytes  can 
only  be  classified  by  means  of  their  tendencies  and  affinities. — Comp- 
ter Rendus.  C. 
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ON    I;aI)1.\.\  1    MA  T'lKK. 


A  lyoctiirf  deliviTwl  to  tin-  ISriti-li  A'-noiiiitioii  for  llir  A<lv;in<-«'nwiit  nf  Science, 
at  SluHi.l.l.  Kri.lay.  AiiKunt  'JlJd.  IHT'J. 

IJv     W'll.l.lAM    <'|{(M)KF>>,    K,   K.  S. 


To  throw  li^lit  Mil  tin-  titlrof  this  liM'tim-  I  must  pi  IkvIv  tnon-  than 
sixty  ywirn — U*  IHKJ.  Fanulay,  thm  a  men'  Htiulciit  and  anlmi 
<'XjK!riint'ntiilist,  wiix  24  ytiirx  old,  and  at  tliis  •■tirly  jHTiod  of  his  cwrHT 
lir  (h'livcrcil  a  s4Tit's  (»f  K'<'tiin-s  on  thr  (iriicral  l'ro|Mrti«"s  of  NfattiT. 
and  one  of  (hriii  Intn'  tht-  n'liiarkahh'  tith*,  (hi  Rndiunt  Muttrr.  Th*- 
gnat  |)hiloH»[)ht'r's  nott-s  of  tliis  Kftuw  are  to  be  found  in  I>r.  Ii<  ii<>i 
Jones's  "  Life  and  I/<tt<Ts  of  Fanuhiy,"  and  I  will  hen-  (juutr  a  jwl-*- 
«age  in  whieii  he  lii-st  employs  the  expression  luidiant  Mtittt r : 

"  If  we  <'<)neeive  a  «liau^e  :ts  far  l>eyond  va|Miriz:itioM  :lm  that  is  alntve 
Huidity,  and  then  take  into  a(x>oiint  also  the  pro|>ortioiial  inen-aM>d 
e  tent  of  alti-nition  il"^  the  ehanp's  ris*',  we  shall  jHThaps,  if  wr  <-aii 
form  any  eoneeption  at  all,  not  fall  far  short  of  liiuilaiit  Mattrr;  and 
a-  in  the  la-t  convi-rsion  many  (pialitio  were  lost,  so  hen-  alxi  manx 
inoH'  would   disip|>4-ar." 

Faniday  was  evidently  niirn^sx-il  with  ttiis  far-niu'liiug  s|M><-ulalioii. 
for  three  ye« IN  later — in  1S11> — we  find  him  hrin^iiif^  fn-Kh  evi<leu»<: 
aiul  ar«;umeiit  to  stri'n<;theu  his  startliiijx  hvpotlu-sis.  His  11014^^  an- 
now  in(»re  ext«'nde<l,  and  they  show  that  in  tin'  intervening  thn-^'  y«'ni> 
he  had  thought  mueh  and  deeply  on  this  higher  form  of  matti-r.  He 
first  j)oints  out  that  matter  may  Ik*  ela.«*i«^l  into  four  state»* — wilid. 
Ii<|uid,  g:Lseous  and  radiant — thes<^  nKxlificsitions  d(>jH*nding  u|M)ndifl'er- 
enc«s  in  their  s«'v«'ral  «^>s4-iitial  projH-rties.  He  admits  that  the  exisiencv 
of  Radiant  Matt*r  is  a-*  yet  unpmvetl,  and  tiien  prtK-cwls,  in  a  series  ot' 
iitgcnioiLHanaloginil  argiunents,  touhow  the  pmlmhility  of  itiicxiHteiux*.* 

*"1  nmy  now  notit-o  a  nirioim  |in>t;rt^wi<>n  in  phvKicitl  |»ru|>«'rti<»  am>m|i«nyinK 
rhanfctv  <>f  foriii,  ami  which  in  |KTlin|»<  siiffuifnt  tu  in<iiir<-,  in  thr  invrnliTc  aiui  nan 
giiino  |ihili))«<>plirr,  a  «•^>n^i^lt•nl^U'  jU-jinv  of  U-liof  in  ihr  Mwix*iiUi(Ki  of  ihc  nuiian! 
fiirin  will)  the  othors  in  tiu>  M-t  of  chHup-it  I  hnvi*  uientiom^l. 

"  Ah  we  nmvnd  fntin  the  militi  («>  th<*  lliiiil  ami  fr^MNiui*  ittatns  |ih_vM«-al  |in>|M'rtiY« 
lUniininh  in  niiiulH>r  aixi  vnriely.  vnch  mIaIo  h«<ing  iM>nic  of  (hntc  vhirh  )H>li>n|;f«t  to 
the  piXHxolinK  stnto.  When  solids  nrp  (-onverti<ii  inti>  nuido,  all  thr  varidieit  of  hanl- 
ni*8  luui  w>ftiu"!«N  are  in>«-«"K-*jiri!y   Kwl.     ('ry<>lallino  aiwl  other  i>hN|ir«  an*  d»»tr\\T«>d 
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If,  in  the  beginning  of  this  century,  we  had  asked,  What  is  a  gas  ? 
the  answer  then  would  liave  been  that  it  is  matter,  expanded  and  rare- 
fied to  such  an  extent  as  to  be  impalpable,  save  when  set  in  violent 
motion ;  invisible,  incapable  of  assuming  or  of  being  reduced  into  any 
definite  form  like  solids,  or  of  forming  drops  like  liquids;  always  ready 
to  expand  where  no  resistance  is  oiFered,  and  to  contract  on  being  sub- 
jected to  pressure.  Sixty  years  ago  such  were  the  chief  attributes 
assigned  to  gases.  Modern  research,  however,  has  greatly  enlarged 
and  modified  our  views  on  the  constitution  of  these  elastic  fluids. 
Gases  are  now  considered  to  be  composed  of  an  almost  infinite  number 
of  small  particles  or  molecules,  which  are  constantly  moving  in  every 
direction  with  velocities  of  all  conceivable  magnitudes.  As  these 
molecules  are  exceedingly  numerous,  it  follows  that  no  molecule  can 
move  far  in  any  direction  without  coming  in  contact  with  some  other 
molecule.  But  if  we  exhaust  the  air  or  gas  contained  in  a  closed 
vessel)  the  number  of  molecules  become  diminished,  and  the  distance 
through  which  any  one  of  them  can  move  without  coming  in  contact 
with  another  is  increased,  the  length  of  the  mean  free  path  being 
inv^ei-sely  proportional  to  the  number  of  molecules  present.  The  further 
this  process  is  carried  the  longer  becomes  the  average  distance  a  mole- 
cule can  travel  before  entering  into  collision;  or,  in  other  words,  the 
longer  its  mean  free  path,  the  more  the  physical  properties  of  the  gas 
or  air  are  modified.  Thus,  at  a  certain  point,  the  phenomena  of  the 
radiometer  become  possible,  and  on  pushing  the  rarefaction  still  further, 

Opacity  and  color  frequently  give  way  to  a  colorless  transparency,  and  a  general 
mobility  of  particles  is  conferred. 

"  Passing  onward  to  the  gaseous,  still  more  of  the  evident  characters  of  bodies  are 
annihilated.  The  immense  differences  in  tlieir  weight  almost  disappear;  the  remains 
of  difference  in  color  that  were  left,  are  lost.  Transparency  becomes  universal,  and 
they  are  all  elastic.  They  now  form  but  one  set  of  substances,  and  the  varieties  of 
density,  hardness,  opacity,  color,  elasticity  and  form,  which  render  the  number  of  solids 
and  fluids  almost  infinite,  are  now  supplied  by  a  few  slight  variations  in  weight,  and 
some  unimportant  shades  of  color. 

"  To  those,  therefore,  who  admit  the  radiant  form  of  matter,  no  difficulty  exists  in 
the  simplicity  of  the  properties  it  possesses,  but  rather  an  argument  in  their  favor. 
These  persons  show  you  a  gradual  resignation  of  properties  in  the  matter  we  can 
appreciate  as  the  matter  ascends  in  the  scale  of  forms,  and  they  would  be  surprised  if 
that  effect  were  to  cease  at  the  gaseous  state.  They  point  out  the  greater  exertions 
which  Nature  makes  at  each  step  of  the  change,  and  think  that,  consistently,  it  ought 
to  be  greatest  in  the  passage  from  the  ga.seous  to  the  radiant  form." — Life  and  Letter* 
of  Faraday,  vol  1,  p.  308. 
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i.  e.  (Ie<^Tt'a'^in^  the  iiiiiiihcr  <»t"  inolcciilo  in  ji  ^ivcn  ^pac*-  ami  K-njrtli«"ii- 
'n\^  tlioip  mean  fro-  |»atli,  tli*-  ••x|KTiniental  results  are  obtuinable  to 
wliieli  I  am  now  almiit  t(j  call  voiir  attention,  St  distinet  are  tli*-?*^ 
jdienomena  from  anytliinj^  wliicli  (xcurs  in  air  or  jras  at  tlie  oniinan. 
ten.'sion,  that  \v('  are  led  to  jusstime  that  we  are  here  Itmu^ht  fa<v  to 
fiu-e  with  Matter  in  a  Fourth  slate  or  condition,  a  comlition  x-  far 
rern(»ve<l  troju  the  state  c)f"  pus  ;ls  a  ^as  is  from  a  li<jui<l. 

Mkax  Fukk  Path.     K.\I)I.\.nt  M.xttkh. 

I  have  lonjr  l)eli<'ve<l  that  a  well-known  aj)|M*arance  ol»«'rvetl  in 
vacuum  tulM's  is  ehwely  relate<l  to  the  phenomena  of  the  mejin  fri"*-  path 
of  the  molwules.  When  the  nejpitive  jwle  is  exaniine<l  while  tin-  di.->- 
<har^e  from  an  in<iucti<»n-<-oil  is  jtassin^  throujrh  an  exhauste<l  tulx-,  a 
<lark  space  is  seen  to  surround  it.     I'hisdark  s|>acc  is  fniind  !<•  in<n:Ls<^ 

Fiir.  1. 


and  dimininh  a**  the  vacuum  is  varie<l,  in  the  .same  wav  that  the  mesui 
free  jKith  <»f  the  molwules  lenj^thens  and  o<)ntraet.»<.  As  the  one  is  |>er- 
<"civc<l  by  the  miml's  eye  to  pt  ^rrater,  so  the  other  is  s*>«'n  hv  the 
Ixxlily  eye  to  increjiM'  in  .size;  an«i  if  the  vacuum  is  insutlicient  to  |»er- 
iiiit  mudi  i>l:iy  of  the  molecules  l>efore  they  enter  into  wllision.  the 
p!uss;i^re  of  cU><'tri<  ity  shows  that  the  "dark  space"  hits  shrunk  to  small 
*limensions.  We  natundly  infer  that  the  dark  sjwv  is  the  nu-sm  fnv 
path  <»f  the  moU«<'ules  of  the  n-sidual  jpis,  an  infereiuv  ««t»nfirme<l  l>v 
♦'\|H'rim«'nt. 

I  will  endeavor  to  niider  this  "dark  s|mi,v"  visilde  to  all  i>r«><  nt. 
Here  is  a  tuU'  ( Fij;.  1 ),  having'  a  jwde  in  the  cfntn'  in  the  form  of  a 
metal  disk,  and   other  poles  at  each  end.     The  ivntre   jxde   is  made 


308  Crookes — Radiant  Matter.  [Jour.  Frank.  Inst.. 

Dt'gative,  and  the  two  end  poles  connected  together  are  made  the  posi- 
tive terminal.  The  dark  space  will  be  in  the  centre.  When  the 
exhaustion  is  not  very  great  the  dark  space  extends  only  a  little  on  eacli 
side  of  the  negative  pole  in  the  centre.  When  the  exhaustion  is  good, 
as  in  the  tube  before  you,  and  I  turn  on  the  coil,  the  dark  space  is  seen 
to  extend  for  about  an  inch  on  each  side  of  the  pole. 

Here,  then,  we  see  the  induction  spark  actually  illuminating  the 
lines  of  molecular  pressure  caused  by  the  excitement  of  the  negative 
pole.  The  thickness  of  this  dark  space  is  the  measure  of  the  mean 
free  path  between  successive  collisions  of  the  molecules  of  the  residual 
gas.  The  extra  velocity  with  which  the  negatively  electrified  mole- 
cules rebound  from  the  excited  pole  keeps  back  the  more  slowly  moving 
molecules  which  are  advancing  toward  that  pole.  A  conflict  occurs  at 
the  boundary-  of  the  dark  space,  where  the  luminous  margin  bears 
witness  to  the  energy  of  the  discharge. 

Therefore  the  residual  gas — or,  as  I  prefer  to  call  it,  the  gaseous 
residue — within  the  dark  space  is  an  entirely  different  state  to  that  of 
the  residual  gas  in  ve-ssels  at  a  lower  degree  of  exhaustion.  To  quote 
the  words  of  our  last  year's  President,  in  his  Address  at  Dublin  : — 

*^In  the  exhausted  column  we  have  a  vehicle  for  electricity  not  con- 
stant like  an  ordinar)-  conductor,  but  itself  modified  by  the  passage  of* 
the  discharge,  and  perhaps  subject  to  laws  differing  materially  from 
tlio.se  which  it  obeys  at  atmospheric  pressure." 

In  the  vessels  with  the  lower  degree  of  exhaustion,  the  length  of  the 
mean  free  path  of  the  molecules  is  exceedingly  small  as  compared  mth 
the  dimensions  of  the  bulb,  and  the  propertief?  belonging  to  the  ordi- 
nary gaseous  state  of  matter,  depending  upon  constant  collisions,  can 
be  observed.  But  in  the  phenomena  now  about  to  be  examined,  so 
high  is  the  exhaustion  carried  that  the  dark  space  around  the  negative 
pole  has  widened  out  till  it  entirely  fills  the  tube.  By  great  rarefac- 
tion the  mean  free  path  has  become  so  long  that  the  hits  in  a  given 
time  in  comparison  to  the  misses  may  be  disregarded,  and  the  average 
molecule  is  now  allowed  to  obey  its  own  motions  or  laws  without  interfer- 
ence. The  mean  free  path,  in  fact,  is  comparable  to  the  dimensions  of 
the  vessel,  and  we  have  no  longer  to  deal  with  a  continuous  portion  of 
matter,  as  would  be  the  case  were  the  tubes  less  highly  exhausted,  but 
we  must  here  contemplate  the  molecules  individually.  In  these  highly 
exhausted  vessels  the  molecules  of  the  gaseous  residue  are  able  to  dart 
across  the  tube  with  comparatively  few  collisions,  and  radiating  from 
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tin-  |n»l<'  with  fiioriiioii.-*  v«'l<n'ity,  tln-v  aviimo  pro|¥'rtifw  •«»  iu»v»*I  ami 
M<)  <*lianu*t«Ti.«*ti«'  jlh  to  rntin-ly  jii-tifV  tin*  a|>|ilii-:ition  of  tin*  tiTfii  \m>T- 
rowi'il  fnun   l'':ini<la\  ,  that  of  Jitnlianf  MnUrr. 

KaIMAM     MaITKK     KXKIM>    I'mUKUKII,    ril«i«l'linU(MiK.M<     A«TloN 
U  IIKUK    IT   S'rUIKF>. 

I  have  nictitioiiMl  that  thr  Kiuiiaiit  Matter  w  jthiii  thf  dark  •<|i;ii^- 
vxrit<-s  hitiiiiKt^ity  when-  its  vcl<M-ity  i.^  arn-?*t»il  hv  n>i«liial  jpu*  <>iiif«i<l«- 
the  (hirk  H|m<*('.  lint  if  no  n-sithml  ^ra>*  >^  h'ft,  th<*  n)ohHnih:>i  will  havf 
their  vehx-ity  arnstJ^I  l>y  tin*  niiie't  <)f  the  ^la.*** ;  ami  here  \\v  onm-  to 
the  first  uiid  oiir  «>r  the  ni<wt  noteworthy  |•^•|M•^tie^  <»f  ll:iiliant  Matter 
<liH<'harpil  fronj  tin*  ne^ativr  |M>h' — it.-  |M>w«r  of  «x«itirit'  |ih<>-|>hon?«- 
4inif   when    it    striken  a^iiii'^t    -Mijid    niattir.      Th<-   iinnilHr  of  JMiilint 

Vxtt.  1'. 


whirh  n-s|M>n<l  lutninoiisly  to  this  niolecnlnr  l>oniltiinlni<  iit  i-  v«Ty 
j;n'at,  and  the  rcsidtin<;  <i»|ur>  are  of  fvrry  vari«'t\ .  (ihiM>,  t"««r  in-taniv, 
is  highly  |ihos|)honx«-nt  wlnn  ex|HirH>d  to  a  stniini  «»<*  iiailt:int  Matter. 
Here  (Fip.  2)  are  thriH'  ImiIIk^  «-oni|MWicd  of  diffiTent  ^h^i;  one  i?*  iinini- 
lun  ^I:l«w  (f»),  whirh  pho-pliMnxi^  of  a  <lark  uniiiM.lor;  another  i"« 
English  ^fhi-SH  (/>),  whieh  |»ho(S|thon'M«<eF*  of  a  l»lne  t-ohir :  ami  the  thinJ 
(p)  i.s  .««»!>  (ternian  ^hif** — of  whieh  \\m*^\  of  tin*  a|»|iiiniin*i  ln'fon-  vou  i* 
nuwle — whieh  |>h«H|ihor«'xi'?«  of  a  hri^ht  apple  ^n-iMi. 

My  rarlier  e\|M>rinirnts  wrn-  aln)«»<t  entin*lv  «iirrie«l  on  |»\  m.  .n.i  ..i 
ihr  phoophun>>4-«>n(<«-  that  triav.  take?*  np  when  it  is  nn«l«r  ihr  inthiriH^* 
of  the  nidiant  «lis4-har)!:i> ;  hut  many  other  suic^laneiv  |MM4i>r.  this  ph«»>- 
phores«'vnt  jhiwit  in  a  still  hiirher  dj-jjn-e  than  irhe^.  For  in-tam-*-. 
hen>  is  some  of  tin-  liiminou-  sulphide  of  tiil*  iiini  pri'iiar*"*!  ao-^tniin^ 
lo  M.  Ktl.  IJ<'«"«pirn'r>*  dt^'ription.      When  thr  onlphi<ie  in  ex|xwr<l  U> 
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light — even  candleliglit — it  phosphoresces  for  liours  with  a  bluish 
white  color.  It  is,  however,  much  more  strongly  phosphorescent  to 
tJie  molecular  discharge  in  a  good  vacuum,  as  you  will  .see  when  I  pa.s.s 
the  discharo;e  throuo-h  this  tube. 

Other  substances  besides  English,  German,  and  uranium  glass,  and 
Becquerel's  luminous  sulphides,  are  also  phasphorescent.  The  rare 
mineral  phenacite  (aluminate  of  glucinum)  phosphoresces  blue;  the 
mineral  spodumene  (a  silicate  of  aluminium  and  lithium)  phospho- 
resces a  rich  golden  yellow ;  the  emerald  givas  out  a  crimson  light. 
But  without  exception,  the  diamond  is  the  most  sensitive  sulxstance  I 
have  yet  met  for  ready  and  brilliant  phosphorescence.     Here  is  a  very 

Fig.  3. 


curious  fluorescent  diamond,  green  by  daylight,  colorless  by  candle^ 
light.  It  is  mounted  in  the  centre  of  an  exhausted  bulb  (Fig.  3),  and 
the  molecular  discharge  will  be  directed  on  it  from  below  upward.  On 
darkening  the  room  you  see  the  diamond  shines  with  as  much  light  a.< 
a  candle,  phosphorescing  of  a  bright  green. 

Next  to  the  diamond  the  ruby  is  one  of  the  most  remarkable  stones  for 
phosphorescing.  In  this  tube  (Fig.  4)  is  a  fine  collection  of  ruby  ])ebble.s. 
As  soon  as  the  induction  spark  is  turned  on  you  will  see  these  rubies 
shining  with  a  brilliant  rich  red  tone,  as  if  they  were  glowing  hot.    It 
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K^m'lv  iiKitt<i>  \vli:it  color  tlu-  nil)y  i-.  i-.  iM-^rin  with.  In  thit^  tuln.- 
of  DHtiinil  nil)i(s  tlicn-  iin-  sloiit-s  of  all  <-ol«»r — tlic  <l<"«-*|>  rwl  jiml  also 
tlic  |»:ilc  pink  rul)v.  riic-re  Jirt-  Honu-  ho  |>ulf  :f*  to  U*  ulmont  wlorlem, 
aiul  honu-  of  tli<-  liii;lily-|»ri/.«-<l  tint  of  |»ij;«H.ii's  I>I<mm|  ;  hut  utwler  the 
im|KK-t  of  Radiant  Mutt«r  th»v  all  i>ho-j»hon>«v  with  alxnit  the  Hanu' 
color. 


Now  tho  nihv  \h  nothin<;  hut  crvr^talli/A-tl  alumina  with  a  litth*  ooUir- 
ing  mattor.  In  a  paix-r  hy  VA.  Iicc«iiuTt'l,*  ^^uhli^ht«*l  Iwi-nty  yrars 
ago,  he  ih-scrilMs^  tin-  ajUR'aninw  of  alumina  Jt«<  glowing  with  a  rich  n'»l 
ctjlor  in  (li<  |>lios|)horosco|K.'.  Here  Is  Hom.-  pnvipiUiUHl  iihunina  pi\-- 
[xin'<l  in  tho  niot^t  careful  nianixT.  It  has  lM'<-n  he-atinl  to  whiti^nrH^, 
and  von  >*<•<'  it  al»<i  irluw-  under  tlx'  rn  ihtular  di-^'hanri'  with  flu-  siinr* 

ri«'h  re<l  color. 

The  spectrum  <.i  tiir  ntj  lii^ht  cmitt*-*!  hy  tlu-x-  vanctio  <>i  iiuiiniu.i 
is  tile  simc  :ts  dt^-rihcd  hy  li  nipicnl  tw-nty  y«-.irs  ago.  Thcrt'  is  i>nc 
intcn.m'  pmI  line,  a  little  Ih'Iow  the  fixitl  line  H  in  the  siHX'tnun.  having 
a  wave-length  of  alxuit  <>H<>.').  Then*  is  a  i'«»ntinuou"*  s|»e»-tnMn  Uyin- 
ning  at  alxmt  H,  and  a  few  fainter  lines  U-yond  it,  hut  they  an-  w»  faint 
in  (x>m|»arison  with  this  nil  line  that  they  may  l»e  ni-glctiixl.  Thw 
line  in  wwily  .stvn   hy  examining  with  a  ••tuall   |»o<-ket   sjMtinwi^pe  the 

light  rertet'twl  from  a  g«M»d  ruhy. 

Then'  is  one    pMrticular  dcgiXM'  of  exhaustion    nu»n'  favi»nihle  tluui 

any  (tthcr  for  the  development  <»f  the   pro|M'rti«->  of  K  idiant    Matter 

whi«'li  are  n<»w  un<ler  examination.      Kou^hly  •i|M':iking  it  n>ay  Ih«  put 

at  the  millionth  of  an  atm.wphen>.t      At  thi-*  di-gnv  of  exhau-^tion  the 

*  AnnnlvM  »lo  i'lumic  ot  »ic  l*h%-»iinio,  .Id  nvries  vol.  Ivii.  p 

+  10  millionth  of  nil  «tnii»<|ilMT«'  ilim 

1:{|'>°7'<!I  iiiilliotUliH  of  nil  aliiiiMphon- 

l.«MH».iM)n-  :. 

"  "  "  1   .ilnnwphon'. 
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phosphorescence  is  very  strong,  and  after  that  it  begins  to  diminish 
until  the  spark  refuses  to  pass.* 

I  have  here  a  tube  (Fig.  5)  wliich  will  serve  to  illustrate  the  depen- 

Fig.  5. 


<lence  of  the  phosphorescence  of  the  glass  on  the  degree  of  exhaustion, 
rhe  two  ix)les  are  at  a  and  6,  and  at  the  end  (c)  is  a  small  supplementary 

^■'Nearly  100  years  ago  Mr.  Wm.  Morgan  communicated  to  the  Royal  Society  a  Paper 
entitled  "Electrical  Experiments  made  to  ascertain  the  Non-conducting  Power  of 
a  Perfect  Vacuum,  etc."  The  following  extracts  from  this  Paper,  which  was  published 
HI  the  Phil.  Trans,  for  178o(vol.  Ixxv,  p.  272),  will  be  reiul  with  interest: 

"  A  mercurial  gage  about  fifteen  inches  long,  carefully  and  accurately  boiled  till 
every  particle  of  air  was  expelled  from  the  inside,  was  coated  with  tin-foil  five  inches 
down  from  its  sealed  end,  and  being  inverted  into  mercury  through  a  perforation  in 
ihe  brass  cap  which  covered  the  mouth  of  the  cistern  ;  the  whole  was  cemented  together, 
and  the  air  was  exhaasted  from  the  inside  of  the  cistern  through  a  valve  in  the  brase 
cap,  which  producing  a  perfect  vacuum  in  the  gage  formed  an  instrument  peculiarly 
well  adapted  for  experiments  of  this  kind.  Things  being  thus  adjusted  (a  small  wire 
having  been  previously  fixe;!  on  the  inside  of  the  cistern  to  form  a  communication 
lietween  the  brass  cap  and  the  mercury,  into  which  the  gage  was  inverted)  the  coated 
end  was  applied  to  the  conductor  of  an  electrical  machine,  and  notwithstanding  every 
effort,  neither  the  smallest  ray  of  light,  nor  the  slightest  cliarge,  could  ever  be  pro- 
cured in  thLs  exhausted  gage." 

"  If  the  mercury  in  the  gage  be  imperfectly  boiled,  the  experiment  will  not  succeed  ; 
but  the  color  of  the  electric  light,  which  in  air  rarefied  by  an  exhauster  is  always  violet 
or  purple,  appears  in  this  case  of  a  beautiful  green,  and,  what  is  very  curious,  the 
dei;ree  of  the  air's  rarefaction  may  be  nearly  determined  by  this  means ;  for  I  have 
known  instances,  during  the  course  of  these  experiments,  where  a  small  particle  of  air 
iiaving  found  its  way  into  the  tube,  the  electric  light  became  visible,  and  as  usual  of  a 
green  color;  but  the  charge  being  often  repeate<l,  the  gage  has  at  length  cracked  at  its 
sealed  end,  and  in  consecjuencc  the  external  air,  liy  being  admitted  into  the  inside,  has 
gradually  produced  a  change  in  tlie  electric  light  from  green  to  blue,  from  blue  to 
indigo,  and  so  on  to  violet  and  purple,  till  the  medium  has  at  length  become  so  dense 
;is  no  longer  to  be  a  conductor  of  electricity.  1  think  there  can  be  little  doubt,  from 
the  above  experiments,  of  the  non-conducting  jiower  of  a  perfect  vacuum." 

"This  seems  to  prove  that  there  is  a  limit  even  in  the  rarefaction  of  air,  which  sets 
lx)unds  to  its  conducting  power;  or,  in  other  w(u-ds,  that  the  particles  of  air  may  be  .so 
far  separated  from  each  otiier  as  no  longer  to  be  able  to  transmit  the  electric  fluid  ;  that 
if  they  were  Ijrought  within  a  certain  distance  of  eai-li  other,  their  conducting  power 
l)egins,  and  continually  increases  till  ilicir  approach  also  arrives  at  its  limit." 
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tiilx!  coniioctcil  with  the  <»tlior  liy  a  narrow  aixTturc,  arMi  <*«)ntiiiiiini; 
sn\'u\  caiistir  j»ot;L«<li.  'I'll*-  tul)«-  lia.-  iM-t-ii  »'xliaii-t«'<l  to  a  wry  liipli 
jiniiit,  :iii<l  tlu'  |M)tjt*<li  tn-jitnl  .~4i  as  to  flrivc  oH*  nioistiin*  aii<l  injur**  tin- 
vaj'iiiiiM.  Kxliaiistion  has  thru  Imi-ii  r<'-<'<»iiwMcin'<'<l,  an<l  the  alt«Tnat<' 
Jic^itinj;  and  exhaustion  n'jM>;it»'<l  until  the  tuU-  has  Ixfu  lirou<rht  to  th«* 
Mtat<'  in  which  it  n<»w  a|>)H'ars  lx?tore  you.  When  the  imlurtion  sjwirk 
is  first  turncHl  on  nothing  is  vi.'^ihle — the  vacuum  is  so  hijrii  that  thf 
tuU"  is  noD-conductinj;.  I  now  warm  the  |>otash  slijjlitly  and  lilM'mti* 
a  trace  of  a«|Ucous  vajwir.  Instantlv  conthiction  coninicnjtrs.  and  the 
)f\'vv\\  |)hos|>horcs<('ncc  fhtsh<-s  out  alon^  the  length  of  ihc  tnln  .  I 
<'ontinue  tlie  heat,  .so  as  to  drive  ott*  more  pts  from  the  iMtta-^h.  Tli«- 
i;reen  j^ets  fainter,  and  now  a  wave  of  cloudy  hnnin<»sity  sw*-*'}*?.  over 
the  tul>e,  and  strutiHc:itions  a|i|M'::ir,  which  nipidly  jr^-t  narrower,  until 
the  s|>ark  piusses  ahuij;  the  tnlM-  in  the  form  f)f  a  inirrow  purple  line. 
1  take  the  lamp  away,  an<l  allow  the  |M>t;tsh  to  cool  ;  a-  it  c«niU.  the 
jujueous  va|M»r,  which  the  heat  had  «lriven  nf[\  is  re-ahsorlxil.  Tlie 
])urple  line  hroadens  out,  and  hniiks  up  into  tine  stnttiHaitions ;  tlur?**' 
P't  wider,  and  tnivel  toward  the  |Mttaxh  tuU-.  N«>w  a  wav«-  of  ^nvn 
lij;ht  ap|)ears  on  the  ^lass  at  the  otluT  end,  switpin^  on  and  <lrivinj; 
the  last  pale  stratification  into  tlie  |H>tasli  ;  aiul  now  the  tul>e  ^low> 
over  its  whole  h'U^th  with  the  ^reen  phosphoresivni"*-.  I  mi^ht  k»i'p 
it  hefore  you,  and  show  the  p;n'en  ^rowinj;  fainter  and  the  vacuum 
lKi*omin^  non-4>onductin^ ;  l>ut  I  should  detain  you  too  lon^,  as  time  b 
re<juired  for  the  absorption  of  the  last  tnic^-s  of  va|M»r  hv  the  |M>ta-h. 
;ind  I  must  pass  on  to  the  ne.xt  sul>j«*<'t. 

IvADIAXT    MA'rrKH    i*K(KKKl>s    IX    StRAKJUT    LiNI->. 

The  Radiant  Matter,  wh(>s4>  im)mct  on  the  irlass  oiusi's  an  evolution 
■ot"  li^ht,  al)sn|iit«'lv  ret'iis«'.s  to  turn  a  oiriier.  Here  is  a  \'— hain-*!  tuU- 
(  Fiff.  i\),  a  |»ole  i»eiui:  :»t  each  extreujity.  The  pole  at  tlu-  ri;;ht  sidt*  l>einij 
Jiepitive,  you  .mh"  that  the  whole  of  the  riirht  arm  i->  tliMM|e«|  with  irn^'U 
lii;ht,  hut  at  the  huttoni  it  stop>  nharply  and  will  not  turn  the  ci>rner 
lo  jrpt  into  the  left  side.  \N  hen  I  n-vers**  tin*  curn-nt  and  make  the  lel\ 
p<»le  lu'pitivt',  the  ijni'U  chaniris.  to  the  left  sich-,  always  lolhiwini;  the 
neirjitive  |M»le  and  h'avin^  the  |Mip<itive  side  with  S4nrcely  any  luminosity. 

In  the  ordinary  phenomena  exhihite*!  I»y  va<'Uiun  tuU«s — plien«»niena 
with  which  we  an*  all  familiar  it  is  cu.«<toiuarv,  in  onler  to  l»nn^  out 
the  strikiui;  <"ontnists  of  color,  to  l>end  the  tuUs.  into  very  elalH»rate 
•"Icsigns.    The  luminositv  cau.Mtl  l»v  the  pho>phon-s4'vn«'«- of  the  rt^iiliwl 
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gas  follow.s  all  the  eonvolution.s  into  which  skillful  glass-blowei's  cam 
manage  to  twist  the  glass.  The  negative  pole  being  at  one  end  and 
the  positive  pole  at  the  other,  the  luminous  jihenomena  seem  to  depend 
more  on  the  positive  than  on  the  negative  at  the  ordinary  exhaustion 
hitherto  used  to  get  the  best  phenomena  of  vacuum  tulles.  But  at  a 
very  high  exhaustion  the  phenomena  noticed  in  ordinary  vacuum  tubejr 
when  the  induction  spark  pasi^es  through  them — an  ap|)earance  of 
cloudy  luminosity  and  of  stratifications — disapj^ear  entirely.     No  cloud 

Fig.  G. 


or  fog  whatever  is  seen  in  the  body  of  the  tube,  and  with  such  a  vacuum 
as  I  am  working  with  in  the.se  experiments,  the  only  light  ob.served  is 
that  from  the  phosphor&scent  surface  of  the  glass.  I  have  here  two 
bulbs  (Fig.  7),  alike  in  shape  and  position  of  poles,  the  only  difference 
being  that  one  is  at  an  exhaustion  equal  to  a  few  millimetres  of  mer- 
cury— such  a  moderate  exhaustion  as  will  give  the  ordinary  luminoa-^ 
phenomena — while  the  other  is  exhausted  to  about  the  millionth  of  an 
atmosphere.  I  will  first  connect  the  moderately  exhausted  bulb  (A) 
with  the  induction-coil,  and  retaining  the  pole  at  one  side  (a)  alway.'* 
negative,  I  will  put  the  positive  wire  successively  to  the  other  poles 
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with  wliicli  the  l)nll>  i>  turrii-lii<l.  ^'oti  ~4*<'  that  :i>  1  <-h:iii;^«-  th«-  jH.^i- 
tioii  of  the  |)o>itivf  |><»1<',  th<'  Uw^v.  ut' violet  li;;ht  jtMiiiii'^  th«'  two  j»ol«-> 
chuiif^es,  the  ch'rtric  ciirrfiit  always  choosin^r  the  sliort«->t  [Kith  lM*tw«<<-ii 
the  two  [kjIcs,  and  iiiovin;^  alM»tit  the  hull)  :ts  I  alter  the  jM^iti.iii  of  thi- 
wires. 

liu'.  7 


riiis,  then,  i>  the  kind  of  phenomenon  we  j;et  in  onlinary  exhaus- 
tion.^. I  will  now  try  the  s:ime  e.\|>tTinierit  with  a  l)ulb(B)that  i- 
vm-  highly  exlmiist*"*!,  antl  ax  l>efoiv,  will  make  tin-  .">i«le  |>ole  {«t')  th«- 
nej:jjitive,  the  top  jHtJe  {b)  ln'iny;  |M»p<itive.  Notiiv  how  wiiiely  tliferi'nt 
Lv  the  a|i|M>aniiuv  from  that  show  n  hy  the  htst  Imlh.  The  n»'^.itivr 
|)ole  is  in  th(>  form  of  a  shallow  enp.  The  mokvtilar  niys  from  tit*- 
eup  en»ss  in  the  eentre  ot'  tin-  lmll>.  an<l  themr  diver^ini;  fall  on  the- 
oppo(sit«'  >i(le  an«l  prtnlnei'  a  cirenlar  jKiteh  ot'  jxreen  plun^phort-^x-ni 
li^ht.  As  1  (inn  the  Imll)  roun  I  you  will  all  Ik'  ahle  to  s*^>  the  m>vii 
pat«'h  on  the  ixla^s.  Now  ol»i'rve,  I  ivmov«'  the  |Misitive  win-  ln»m  tin- 
top,  and  eonneit  it  with  the  sitle  |>ole  (c).  The  j;reen  |Kiteh  from  tin- 
divergent  nejr;itive  f«K'Us  i.s  tiieiv  still.     I  now  mak*-  the  lo\ve>t  jmiI.-  ii/> 
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[K).sitive,  and  tlie  green  j)atoli  remains  where  it  wa.s  at  first,  unchanged 
in  position  or  intensity. 

We  Iiave  here  anotlier  property  of  Radiant  Matter.  In  the  low 
vaciuiin  the  j)o,siti()n  of  the  positive  pole  is  of  every  importance,  while 
in  a  high  vacuum  the  position  of  the  positive  pole  scarcely  matters  at 
:3ill ;  tlie  piienomena  .seem  to  depend  entirely  on  the  negative  pole.  If 
the  negative  i)o]e  points  in  the  direction  of  the  positive,  all  very  well, 
l)Ut  if  the  negative  pole  is  entirely  in  the  opposite  direction  it  is  of 
little  consequence ;  the  Radiant  Matter  darts  all  the  same  in  a  straight 
line  from  the  negative. 

If,  in.stead  of  a  flat  disk,  a  hemi- 
<;ylinder  is  used  for  the  negative  pole, 
the  Matter  still  radiates  normal  to  its 
surface.  The  tube  before  you  (Fig.  8) 
illustrates  this  property.  It  contaiiLs, 
as  a  negative  pole,  a  hemi-cylinder  (a) 
of  poli.shed  aluminium.  This  is  con- 
nected with  a  fine  copper  wire,  6,  end- 
ing at  the  platinum  terminal,  c.  At 
the  upper  end  of  the  tube  is  another 
terminal,  cL  The  induction-coil  is  con- 
nected so  that  the  hemi-cylinder  i* 
negative  and  the  upper  pole  positive, 
and  when  exhausted  to  a  .sufficient 
extent  the  projection  of  the  molecular 
rays  to  a  focus  is  very  beautifully 
shown.  The  rays  of  Matter  Ix^ing 
driven  from  the  hemi-cylinder  in  a 
direction  normal  to  its  surface,  come 
to  a  focus  and  then  diverge,  tracing 
their  path  in  brilliant  green  pliosj)hor- 
cscence  on  the  surface  of  the  glass. 
Instead  of  receiving  the  molecular  mys  on  the  glass,  I  will  show  you 
another  tube  in  which  (he  focus  falls  on  a  pho.sphorescent  screen.  See 
how  brilliantly  the  lines  of  discharge  shine  out,  and  how  intensely  the 
i'ocal  j)oint  is  illnniinatcd,  lighting  up  the  table. 
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KaKIANT    MaITKI:    WIIK.N    INTKUrKITKI'    I'.V    S«.|,ll»    M  A  If  KIC  <ASTS 

A    »S||AI>M\N  . 

Il;uli:irit  Mutter  fotix-s  from  tlic  |»<»lc  in  >tnii;:lii  Him-,  ami  «1<h>  rmt 
ni«  rely  iK-riiiwito  all  tlic  jnirts  (A'  tin-  tiilH-  and  (ill  it  with  li>;lit,  an  wouM 
1)0  the  (tw*:  were  the  exhaustion  !«•««  ^<H>i\.  Where  then-  if*  nothing  in 
the  way  the  rays  strike  the  w.Teen  and  pnMluce  phos|»hon-s*'«-n<i',  an<l 
wliere  !^oli<l  matter  intervenes  they  are  oi)stnirtMl  l)y  it,  ami  a  shadow 
i-i  thrown  on  tlie  stToen.  In  this  iM-ar-shapcd  lmll>  (Fi>;  I>)  the  ne^i- 
Live  |K)le  (a)  is  at   the   jMiint*-*!    ••nd.      In   the   middle  is  a  rr(*^  (h)  iiit 

Fir.  ft. 


out  of  sheet  aluminium,  x»  that  tlir  rays  iVom  tin-  lu-^.itive  |K»lf  pn>- 
jc<'tcd  alon«j  the  tuhf  will  he  partly  intertvpttnl  hy  the  alutniniutn  crews, 
anil  will  projift  an  imaj^c  of  it  on  tlu'  ln'iuispherie:il  end  of  the  tulx  . 
whi<'h  is  phosphori^«'ent.  I  turn  on  the  e^dl,  ami  you  will  all  s+X"  thr 
hiack  sIkkIow  of  the  cross  on  the  luminous  cud  «»f  the  l)ull»  (r,  »/). 
Now,  the  Radiant  Matter  from  the  nejT'itivc  |>ole  hiis  iK.'eii  pii.ssini;  liy 
the  side  of  the  aluminium  cro>s  to  pnuluc*-  the  shadow  ;  the  ^la.'vs  ha> 
Ikk^h  hammennl  and  l>oml)arde<l  till  it  is  a|>pn><'ial)ly  warm,  an<l  at  the 
same  time  another  etVeet  hits  Infu  [)nMlu«\'<l  on  the  jjlass — it.s  s4n>il>ility 
has  l)een  daulened.  The  f;la.ss  has  jjtit  tinnl,  if  I  may  use  the  expr«»- 
sion,  hy  the  enforce<l  pliosphore.s<tMic<'.  \  ehan^'  ha.s  Ihhmi  produi^nl 
hy  this  mohnular  lM»ml)anlment  which  will  pri'vent  the  )ih\.'»  fn»m 
resi)ondin^  ejusily  to  additional  excitement ;  hut  the  jwrt  that  thesha<low 
has  fallen  on  is  not  tin-tl — it  has  m»t  Ikh-u  phosphon's<Mni;  at  all  and  i.-* 
porfei'tly  frt^sh  ;  therefore  if  I  throw  down  this  cn»ss — I  cjin  c;»sily  do 
so  by  giving  tlie  apparatus  a  slight  jerk,  for  it  has  Ihx'Ii  most  ingeni- 
ously constructed  with  a  hinge  hy  Mr.  (iimingham — and  so  allow  the: 
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ravs  from  the  negative  pole  to  fall  uninterruptedly  on  to  the  end  of  the 
bulb,  you  will  suddenly  .'^ee  the  black  cross  (c,  d,  Fig.  10)  change  to 
ii  luminous  one  [e,  /),  because  the  background  is  now  only  capable  of 
faintly  phosphorescing,  while  the  part  which  had  the  black  shadow  on 
it  retains  its  full  phosphorescent  power.  The  stenciled  image  of  the 
luminous  cross  unfortunately  soon  dies  out.  After  a  period  of  rest  the 
glass  partly  recovers  its  power  of  phosphorescing,  but  it  is  never  so 
goofl  ;is  it  was  at  fii'st. 

V\s.  10. 


Here,  therefore,  is  another  important  property  of  Radiant  Matter. 
It  is  })ro)ected  with  great  velocity  from  the  negative  pole,  and  not  only 
i?trikes  the  glass  in  such  a  way  as  to  cause  it  to  vibrate  and  become 
temporarily  luminous  while  the  discharge  is  going  on,  but  the  mole- 
cules hammer  away  with  sufficient  energy  to  produce  a  permanent 
impression  upon  the  glass. 

Radiant  Matter  exerts  Strong  Mechanical  Action  where 

it  strikes. 
We  have  seen,  from  the  sharpness  of  the  molecular  shadows,  that 
Radiajit  Matter  is  arrested  by  solid  matter  placed  in  its  path.     If  thL^ 

Fig.  11. 


solid  body  is  easily  moved  the  impact  of  the  molecules  will  reveal 
itself  in  strong  mechanical  action.  Mr.  Gimingham  has  constructe<l 
for  me  an  ingenious  piece  of  apparatas  which  when  placed  in  the  eleo- 
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trie  laritiTii  will    n-iuh-r  tlii-   iinfliani*-:!!    ariion  visible  to  all    pn-st-nt. 

It  consist.'- of  a  highly  ••xliau-'t«'«l  ^lass  tuU'l  Fi^j.  1 1  ),  liaviiij:  a  littU-^flswr 

niilwav  niiiniii);  al(»ii^  it  from    one  «'inl   to  the  other.     The  axh*  of  a 

small  whcil   revolves  on   tlie  rails,  the  .s|)okej4  of  the  wh<i*l   iiirrking 

wide  rni«"i   [•addh'**.      At  eaeh  end  of  the  tuU',  und   rather  al)*>ve  the 

♦t-ntre,  is  an  aliiininiiun   pole,  -o  that  whiehever  jM)le  is  made  n»'}r;itive 

the  stream  of  Kiulianf  Matter  darts  from  it  alon^  the  tnln-,  and  striking 

the  up|K'r  vanes  of  the  little  |Kiddle-wheel  raii-Hew  it  to  turn  round   arnl 

fnivel    alonjx   the   milway.      By  reversing;  (hr    jwdo    1    (^m    arn-^t    the 

■vihe<l  atid  s<rid  it  the  reverH-  way,  and  if  I  jjently  incline  the  iuIm-  tjie 

fon-<'  of  impa<t  i<  •»l>s4iv»il   to  \te  sufficient  even  t«>  drive  the  wheel  up 

hill. 

KiK.  1-2.  Kii;.  l.J. 


This  ex|Mrinu'nt,  tluTefon',  sh(»ws  that  the  moUtulur  sintini  tn»m 
the  tu'j^itive  pole  is  al>le  to  move  any  li^ht  tthjitt  in  fn>nt  of  it. 

The  nioltH'ule^  l>einjj  driven  violently  fn»«»  the  |K»Ie  there  shouh!  I»e 
a  n>coil  of  the  |M)le  fn>ni  the  moU><*ul(>s,  and  hy  nrranjjin^  an  ap|Ninitii> 
st>  its  to  have  the  ne^»tive  |>ole  m«»vahle  and  the  Uwly  rtn-eivin^  the 
im|»actof  the  Kadiant  Matter  fixe<l,  this  n«<x>il  cjin  U*  n«nden««l  M-nsihle. 
In  ap|Miinin<H'  the  appjiratiw  (Fij?.  12)  Ij*  not  unlike  nn  onlinark-  radiont- 
•  ter  with  alnminium  di»ks  for  van»-s.  ea<h  disk  e«wtetl  (Mi  «»ne  side  witli 
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a  film  of  mica.  Tlie  fly  is  su[)p()rte(l  by  a  liard  steel  instead  of  glass 
eup,  and  the  needle  point  on  which  it  works  is  connected  by  means  of 
a  wire  with  a  platinum  terminal  sealed  into  the  glass.  At  the  top  of 
the  radiometer  bulb  a  second  terminal  is  sealed  in.  The  radiometer^ 
therefore,  can  be  connected  with  an  induction-coil,  the  movable  fly 
Ix'ing  made  the  negative  pole. 

For  these  mechanical  effects  the  exhaustion  need  not  be  so  high  as 
when  phosphorescence  is  produced.  The  best  preSvSure  for  this  elec- 
trical radiometer  is  a  little  beyond  that  at  which  the  dark  space  round 
the  negative  pole  extends  to  the  sides  of  the  glass  bulb.  When  the 
pressure  is  only  a  few  millims.  of  mercury,  on  passing  the  induction 
current  a  halo  of  velvety  violet  light  forms  on  the  metallic  side  of  the 
vanes,  the  mica  side  remaining  dark.  As  the  pressure  diminishes,  a 
dark  space  is  seen  to  separate  the  violet  halo  from  the  metal.  At  a 
pressure  of  half  a  millimetre  this  dark  space  extends  to  the  glass,  and 
rotation  commences.  On  continuing  the  exhaustion  the  dark  space 
further  widens  out  and  appears  to  flatten  itself  against  the  glass,  when 
the  rotation  becomes  very  rapid. 

Here  is  another  piece  of  apparatus  (Fig.  13)  which  illustrates  the 
mechanical  force  of  the  Radiant  Matter  from  the  negative  pole.  A 
stem  (rt)  carries  a  needle-])oint  in  which  revolves  a  light  mica  fly  [h  h). 
The  fly  consists  of  four  square  vanes  of  thin  clear  mica,  supported  on 
light  aluminium  arms,  and  in  the  centre  is  a  email  glass  cap  which 
rests  on  the  needle-point.  The  vanes  are  inclined  at  an  angle  of  45° 
to  the  horizontal  plane.  Below  the  fly  is  a  ring  of  fine  platinum  wire 
(c  e),  the  ends  of  which  pass  through  the  glass  at  dd.  An  aluminium 
terminal  (c)  is  sealed  in  at  the  top  of  the  tube,  and  the  whole  is 
exhausted  to  a  very  high  point. 

By  means  of  the  electric  lantern  I  project  an  image  of  the  vanes  on 
the  screen.  Wires  from  the  induction-coil  are  attached,  so  that  the 
platinum  ring  is  made  the  negative  pole,  the  aluminium  wire  (e)  being 
positive.  Instantly,  owing  to  the  projection  of  Radiant  Matter  from 
the  platinum  ring,  the  vanes  rotate  with  extreme  velocity.  Thus  far 
the  apparatus  has  shown  nothing  more  than  the  previous  experiments 
have  prepared  us  to  expect ;  but  observe  what  now  happens.  I  dis- 
comiect  the  induction-coil  altogether,  and  connect  the  two  ends  of  the 
platinum  wire  with  a  small  galvanic  battery  ;  this  makes  the  ring  c  c 
red  hot,  and  under  this  influence  you  see  that  the  vanes  spin  as  fast  as 
they  did  when  the  induction-coil  was  at  work. 
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lien*,  then,  is  uiiother  ni<»st  iiii|H)rUiiit  i'ait.  liiuliant  MutUr  in 
tlic'HC'  liij^li  vacua  is  not  only  cxrit*'*!  I»y  tin-  ni-pitiv*  |K»If  of  an  iinlm- 
tion-<-oil,  lait  a  liot  win-  will  S4't  it  in  motion  with  font-  Hiiflicicnt  to 
•  irivc  round  llif -l<»|)iti^  vanes, 

KaMA.NT    MAriKK    IS    |)KFLI-X'rKI>    HV    A     MACJNKr. 

I  now  |ias,s  to  anotlicr  |iro|M'rty  of  Itiwliant  MattiT.  'rhi.*«  l<ni^  ii^U"- 
tulK'  ( Fi^.  14)  is  v«ry  highly  exhaust*-*!  ;  it  Uan  a  n«*pitiv«'  |>ol«'  at  om 
end   and  a    lonj;   |»lit»s|»honx'eiit   >4-n'«-n   down   the  ••(•ntre  <•("  the  tuhe. 


Fi^r.  H, 


\iiawu»-o<^j^^ 


In  front  of  the  nepitive  |M»Ie  is  a  plate  of  nji<ii  (/>,  tl)  witli  a  ln)le  (♦')  in 
it,  and  the  residt  is,  when  I  turn  on  the  current,  a  line  of  ph<»sphon-s- 
eeilt  li^ht  (*',/)  is  projn-tiNl  aloii^  the  whole  length  of  the  tuln-.  I 
now  plmx'  lnMiejith  the  tuL-  a  jMiwerful  hors«'-Hh«»e  nijij;net  ;  olx^-rve 
how  the  lin«'  of  lij^ht  Im-imhiio  curvnl  under  the  iiui^rru-tie  influent-e 
waving  alntut  like  a  llexiMe  wan«l  a-  1  move  the  m:i^iMf  ti>  and  fm. 

Kiir.  1^. 


This  action  of  the  inafrnet  i-  verv  curiou.-s,  hihI  if  «-:intullv  foUoweil 
iij)  will  elucidate  otjjer  |)ro|K'rties  of  li^uliant  Matt»T.  Hen-  (Fig.  151 
is  un  exau-tly  similar  tulM>,  hut  having  at  otic  en«i  a  small  |M>tiish  tnlM-. 
whieh,  if  heiite<l,  will  slightly  injurt*  the  viu-uum.  I  turn  on  th» 
Whole  No.  Vol.  rVlII.       Tiiiku  Skku>,  Vol.  Ixxriii,  'i-'. 
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induction  current,  and  you  see  the  ray  Radiant  Matter  tracing  its  trajec- 
tory in  a  curved  line  along  the  screen,  under  the  influence  of  the  horse- 
shoe magnet  beneath.  Observe  the  shape  of  the  curve.  The  molecules 
shot  from  the  negative  pole  may  be  likened  to  a  discharge  of  iron 
bullets  from  a  mitrailleuse,  and  the  magnet  beneath  will  represent  the 
earth  curving  the  trajectory  of  the  shot  by  gravitation.  Here  on  this  lu- 
minous screen  you  see  the  curved  trajectory  of  the  shot  accurately  traced. 
Now  suppose  the  deflecting  force  to  remain  constant,  the  curve  traced 
by  the  projectile  varies  with  the  velocity.  If  I  put  more  powder  in 
the  gun  the  velocity  will  be  greater  and  the  trajectory  flatter,  and  if  I 
interpose  a  denser  resisting  medium  between  the  gun  and  the  target,  I 
diminish  the  velocity  of  the  shot,  and  thereby  cause  it  to  move  in  a 
greater  curve  and  come  to  the  ground  sooner.  I  cannot  well  increase 
before  you  the  velocity  of  my  stream  of  radiant  molecules  by  putting 
more  powder  in  my  battery,  but  I  will  try  and  makie  them  suffer 
greater  resistance  in  their  flight  from  one  end  of  the  tube  to  the  other. 
I  heat  the  caustic  potash  with  a  spirit-lamp  and  so  throw  in  a  trace 
more  gas.  Instantly  the  stream  of  Radiant  Matter  responds.  Its 
velocity  is  impeded,  the  magnetism  has  longer  time  on  which  to  act  on 
the  individual  molecules,  the  trajectory  gets  more  and  more  curved, 
until,  instead  of  shooting  nearly  to  the  end  of  the  tube,  my  molecular 
liullets  fall  to  the  bottom  before  they  have  got  more  than  half  way. 

Fig.  16. 


It  is  of  great  interest  to  ascertain  whether  the  law  governing  the 
magnetic  deflection  of  the  trajectory  of  Radiant  Matter  is  the  same  as 
has  been  found  to  hold  good  at  a  lower  vacuum.  The  experiments  I 
have  just  shown  you  were  with  a  very  high  vacuum.  Here  is  a  tube 
with  a  low  vacuum  (Fig.  16).  When  I  turn  on  the  induction  spark,  it 
passes  as  a  narrow  line  of  violet  light  joining  the  two  poles.  Underneath  I 
have  a  powerful  electro-magnet.  I  make  contact  with  the  magnet,  and 
the  line  of  light  dips  in  the  centre  toward  the  magnet.     I  reverse  the 


Nov.,  1879.] 


Crooked — lifulin  nf  ^f after. 


32", 


jMjles,  ;ui«l  tlic  lin<'  is  <lriv<-ii  ii|>  to  tli<-  top  ..f  tli<-  tuln-.  Notice  !!>♦• 
ilittcrcnce  U'twi-on  tlio  two  pliciioiiniia.  n«-n-  tin-  :ution  is  teini>orarv. 
Thcjlip  tak'-s  phu-c  iiiuhr  tin*  iiui^iMtic  inHm-ncf  ;  tl»c  line  of  <li.s<'harj:i 
then  rises  and  pursm-s  its  path  to  the  jM»sitive  j>oIe.  In  the  hijrh  ex- 
haustion, however,  after  the  strwiin  of  I{a<liant  Matter  had  <lip|>e<l  to 
the   niajjnet   it  <li«l    not   ntowr  itsilf,  l>ut   <'ontinii<'«l   its   ])atli   in   th' 

altere<l  <lire<"tion. 

FiK.  17. 


^^^ 


Hy  mean.s  of  thi.s  little  wheel,  .skillfully  eon-sitruetinl  l»y  Mr.  (iiniinu- 
hani,  I  am  able  to  show  the  luji^netie  (lefle<"tion  in  the  elet-trie  lantern. 
Tlu>  apparatus  is  shown  in  this  (lia«;rani  ( Fi^.  17).  The  ni-pitive  |>oh- 
(a, />)  is  in  the  form  of  a  ver)-  shallow  cup.  In  front  of  tin-  «up  is  a 
mica  screen  (c,  d),  wide  enough  to  intercept  the  I^idiant  Matter  comini: 
from  the  nepitive  |H)le.  I^>hind  this  scnin  is  a  mie:i  whi«el  {r,J)  with 
a  scrii's  of  vanes,  making  a  .sort  of  jKuhlle-wheel.  So  arrangtxl,  th*- 
molei'ular  ray  from  the  jwle  a  h  will  Ik'  cut  off  from  the  wheel,  and 
will  not  produce  any  movement.  I  now  put  a  magnet,  g,  over  th< 
tul)e,  .so  as  to  deflivt  the  stn>am  over  or  under  the  (»l>stacle  r  d,  and  th- 
H'sult  will  he  rapid  motion  in  one  or  the  other  din^-tion,  a<"<"«»nling  t- 
the  way  the  magnet  is  tununl.  I  thn>w  the  image  »>f  the  apimratiLs  on 
the  s<'n'<'n.  The  spiral  lines  paint«il  on  the  wlux'l  show  whi«'h  way  it 
turns.  1  arrange  the  magnet  to  <lraw  tlie  mcih-eular  stn-am  s<i  a.-*  to 
In^t  agnin.st  the  up|H'r  vanes,  and  the  wheel  revolves  rapidly  as  if  it 
were  an  overshot  water-wlufl.  1  turn  the  magnet  S4»  as  to  drive  the 
Uadiant  Matter  untlernaith  ;  the  wheel  slackens  siH-eti,  stops,  aud  then 
l)egins  to  rotate  the  other  way,  like  an  un«lershot  water-wheel.  This 
•ain  be  rejx'atetl  as  often  a>  I  reverse  the  jxisition  of  the  magnet. 
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I  have  mentioued  that  the  molecules  of  the  Radiant  Matter  dis- 
charged from  the  negative  pole  are  negatively  electrified.  It  is  prob- 
able that  their  velocity  is  owing  to  the  mutual  repulsion  between  the 
similarly  electrified  pole  and  the  molecules.  In  less  high  vacua,  such  as 
you  saw  a  few  minutes  ago  (Fig.  16),  the  discharge  passes  from  one  pole 
to  another,  carrying  an  electric  current,  as  if  it  were  a  flexible  wire.  Now 
it  is  of  great  interest  to  ascertain  if  the  stream  of  Radiant  Matter  from 
the  negative  pole  also  carries  a  current.  Here  (Fig.  18)  is  an  apparatus- 
which  will  decide  the  question  at  once.  The  tube  contains  two  nega- 
tive terminals  (o,  b)  close  together  at  one  end,  and  one  positive  terminal 
(c)  at  the  other.  This  enables  me  to  send  two  streams  of  Radiant 
Matter  side  by  side  along  the  phosphorescent  screen — or  by  discon- 
necting one  negative  pole,  only  one  stream. 

Fi;:'.  18. 


If  the  streams  of  Radiant  Matter  carry  an  electric  current  they  will 
act  like  two  parallel  conducting  wires  and  attract  one  another ;  but  if 
thev  are  simply  built  uj)  of  negatively  electrified  molecules  they  will 
repel  eacli  other. 

I  will  first  connect  the  upper  negative  pole  («)  with  the  coil,  and 
vou  see  the  ray  shooting  along  the  line  d,f.  I  now  bring  the  lower 
negative  pole  (6)  into  i)lay,  and  another  line  {e,  h)  darts  along  the  screen. 
But  notice  the  way  the  fii-st  line  behaves;  it  jumps  up  from  its  first 
position,  df,  to  d  g,  showing  that  it  is  repelled,  and  if  time  permitted 
I  could  show  you  that  the  lower  ray  is  also  deflected  from  its  normal 
direction  ;  therefore  the  two  parallel  streams  of  Radiant  Matter  exert 
mutual  repulsion,  acting  not  like  current  carriers,  but  merely  as  simi- 
larlv  electrified  bodies. 


Radiant  Matter  produces  Heat  when  its  motion  is  Arrested. 

During  these  experiments  another  property  of  Radiant  Matter  has 
made  itself  evident,  although   I  have  not  yet  drawn  attention  to  it. 
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Tlie  glarirt  j^'te  very  wiirni  \vli«re  the  j;n*«'n  j>lj<»-»j)|iort^"eiK«  Ls  .strongest. 
The  inolcciilar  f(HiLs  on  tli<-  tuln-,  \vlii<li  w*-  •<i\v  ••arlier  in  the  I'veniiii; 
(Fig.  Hj  is  iiit<iis4'Iy  hot,  aii<l  I  hav*-  pnpanil  an  u))|Kiratii«  lt\  ulii-  i. 
this  heat  at  the  fix-as  cam  Ik?  rentlen**!  apiKircnt  to  all  pn-sent. 

I  have  here  a  siiiall  in\n^  (Fig.  H>,  n) 
^v•ith  a  <-n|>-sha|K*<l  negativ«'  jM)le.  This 
♦•lip  projiH-ts  the  tavs  to  a  fiK-us  in  th*- 
middle  (»f  \\\v  tiihc  A I  th<'  sid«'  of  th»' 
IuIh'  is  a  small  el(*<-tro-magnt't,  \vhi«li  I 
("in  set  in  action  by  tondiing  a  key,  and 
tlif  f"<K'iLS  is  then  drawn  to  the  side  ot*  the 
ghws  tuhe  (  Fig.  1!»,  h).  To  show  the  first 
action  of  the  h(':it  I  have  eoat«Hl  the  ttilx* 
with  wax.  I  will  put  the  appanitiLs  in 
front  of  thr  ckrtric  lantern  (Fig.  20,  ff)^ 
an<l  throw  a  magnitinl  image  of  the  tnl>e 
on  the  scrren.  The  <H»il  is  now  at  work, 
and  tin-  fo<u>  ut"  molecular  niys  is  pro- 
jtrt«'d  along  the  tulx'.  I  turn  the  mag- 
neti.sm  on,  and  «iraw  the  t<K-us  to  the  side 
of  the  gla.'vs.  The  first  thing  you  see  is  a 
small  circular  patch  meltnl  in  the  coating 

of  wax.  The  glass  simiu  iH'gins  to  disintegrate,  and  cniik">  an.-  slmut- 
jng  8tarwise  from  tin*  «vntrc  of  hejit.  The  glass  is  xiftcning.  Now 
the  atmospheric  pressure  forces  it  in,  and  now  it  melt.-.  A  hole  (e)  i-* 
|»crforated  in  the  middle,  the  air  rushe>  in,  and  the  e\|MTiment  \s  at 
.an  end. 

I  (-.m  render  tiiis  f«M-:il  hejit  more  evi<lent  if  I  allow  it  to  play  on  a 
pii-c*'  of  metal;  This  ludh  I  Fig.  21)  is  fnrni-hetl  with  a  negative  pole 
in  the  form  of  a  cup  {n).  The  mys  will  then-fon'  lie  pn»je<'teil  to  a 
t'<»ciis  on  a  pie<-«'  of  iridio-platinum  (A)  sup]M»rti><l  in  the  <vntre  of  the 
Lull). 

I  tirst  turn  <>i)  the  induct ion-4>oil  slightlv,  so  :ls  not  to  hring  out  it<« 
full  |>ower.  The  f(MMis  i>  now  playing  on  the  metal,  niising  it  to  a 
whit*'  heat.  I  hring  a  small  magnet  near,  and  you  set*  I  <"jin  «leflit  t 
the  focus  of  heat  just  as  I  did  the  luminou>  fo<'U>»  in  the  other  tuU-. 
IJy  shitting  the  magnet  I  iww  drive  the  t"«K'U>  up  and  down,  or  draw  it 
fttmpletely  away  fn»m  the  metal,  and  leave  it  non-luminoas.  I  with- 
draw the  magnet. and  let  tlu-  mole^id*"*  havi*  fidl  play  agjiin  ;  the  metal 
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i.s  now  white  liot.      I  iiicrdtse  the  iutcn.sity  of  tiie  .xjiark.     The*  iii«lio- 
platinum  gh)W.'<  with  tilmoHt  in.supixjrtahh"  hrilli:in«y,  ;iml  at  Ia«t  imlts. 

I'm:  CiiEMi.sTKV  OK   K.\i)iANT  Mattkk. 

As  mijjht  Ix'  ex|)e<'ted,  the  eheniicnl  dis- 
tinction.s  l>etwwti  one  kirul  of  liiuliaiit 
Matter  atxl  another  at  thcfse  hig;h  e.xhaii— 
tion.s  are  difficult  to  recognize.  Tlie  pliy- 
sical  projxTtieH  I  liave  l)een  ehjcidatiiij: 
.seem  to  \n>  common  to  all  matter  at  thi> 
low  density.  \N  hctiier  the  ga-^  originally 
under  ex|K'riment  be  hydrogen,  ttirlx»ni<- 
jicid,  or  atm<>sjtheric  air,  the  |>hen<imena  of 
pho6j)hore5!<'ence,  shadows,  magnetic  de- 
flection, etc.,  are  identicjil,  only  they  com- 
mence at  different  prtssuns.  ( )ther  fact>. 
however,  show  that  at  this  low  density 
the  molecuUs  ret;iin  their  chemicid  <har- 
acteri.»*tics.  Thus  hy  intHnlucing  into  tin 
tul>es  aj>i)ropriatc  ahsorln-nts  of  residual 
ga.s,  I  (lui  si-e  that  chemicjil  attraction  goe> 
on  long  after  the  attemiation  has  naichc<l 
the  West  stage  for  sht>wing  the  phenomena 
now  under  illustration,  and  I  am  ahle  hy 
this  means  to  airry  the  e.\hau.stion  to  much 
higher  degrees  than  I  can  get  by  mere  pumping.  Working  xsiih 
a(jueous  vajM)r  I  c:ui  use  jjl^v^phoric  anhydride  as  an  altsorU'nt  ;  with 
«irlK)nic  aci<l,  j)ola-;h  ;  with  hydrogen,  palladium  ;  and  with  oxyp'U, 
cjirbon,  and  then  |>otiish.  The  highest  vacuum  I  have  yet  succiitle*! 
in  obtaining  luu^  Ikh-u  the  l-'J(>,(KM),(X)<)th  of  an  atmof*phcn',  a  «lcgnv 
which  may  be  Ijcttcr  underst<MHl  if  1  siy  that  it  eorresjxtnds  t«»  aUtut 
the  hundreilth  of  an  inch  in  a  barometric  column  three  miles  high. 


It  may  1k'  objeitol  that  it  is  hanlly  (i>nsistent  to  atta<h  primary 
importiuuv  to  the  presentv  of  Matter,  when  I  have  taken  cxtraonlinan.- 
pains  to  remove  as  much  Matter  as  iMissible  from  these  bull**  and  these 
tul>os,  and  have  suc<Hv<letl  s<i  far  jis  to  Irtive  only  about  th«'  one  mil- 
li«»nth  of  an  atmosphen-  in  them.  At  its  onlinary  pn>?«<un'  the  atnu>- 
sphere  is   not  very  deiLse,  and   its  nxi^nition  a'J  a  «>»)nstituent  of  the 
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world  of  Matter  is  quite  a  modern  notion.  It  would  seem  that  when 
divided  by  a  million,  so  little  Matter  will  necessarily  be  left  that  we 
may  justifiably  neglect  the  trifling  residue  and  apply  the  term  vacuum 
to  space  from  which  the  air  has  been  so  nearly  removed.  To  do  so, 
however,  would  l)e  a  great  error,  attributable  to  our  limited  faculties 
being  unable  to  grasp  high  numbers.  It  is  generally  taken  for  granted 
tliat  when  a  number  is  divided  by  a  million  the  quotient  must  neces- 
sarily be  small,  whereas  it  may  happen  that  the  original  number  is  so 
large  that  its  division  by  a  million  seems  to  make  little  impression  on 
it.  According  to  the  best  authorities,  a  bulb  of  the  size  of  the  one 
before  you  (13'5  centimetres  in  diameter)  contains  more  than  1,000000, 
000000,000000,000000  (a  quadrillion)  molecules.  Now,  when  ex- 
hausted to  a  millionth  of  an  atmosphere  we  shall  still  have  a  trillion 
molecules  left  in  the  bulb — a  number  quit€  sufficient  to  justify  me  in 
S})caking  of  the  residue  as  Matter. 

To  suggest  some  idea  of  this  vast  number  I  take  the  exhausted  bulb, 
and  perforate  it  by  a  spark  from  the  induction  coil.  The  spark  pro- 
duces a  hole  of  microscopical  fineness,  yet  sufficient  to  allow  molecules 
to  penetrate  and  to  destroy  the  vacuum.  The  inrush  of  air  impinges 
agaiiLst  the  vanes  and  sets  them  rotating  after  the  manner  of  a  wind- 
mill. I^et  us  suppose  the  molecules  to  be  of  such  a  size  that  at  every 
second  of  time  a  hundred  millions  could  enter.  How  long,  think  you, 
would  it  take  for  this  small  vessel  to  get  full  of  air  ?  An  hour  ?  A 
day  ?  A  year  ?  A  century  ?  Nay,  almost  an  eternity  !  A  time  so 
enormous  that  imagination  itself  cannot  grasp  the  reality.  Supposing 
this  exhausted  glass  bulb,  indued  with  indestructibility,  had  been 
pierced  at  the  birth  of  the  solar  system ;  supposing  it  to  have  been 
present  when  the  earth  was  without  form  and  void ;  supposing  it  to 
have  borne  witness  to  all  the  stupendous  changes  evolved  during  the 
full  cycles  of  geologic  time,  to  have  seen  the  first  living  creature  appear, 
and  the  last  man  disappear ;  supposing  it  to  survive  until  the  fulfill- 
ment of  the  mathematicians'  prediction  that  the  sun,  the  source  of 
energy,  four  million  centuries  from  its  formation  will  ultimately 
become  a  burnt-out  cinder;*  supposing  all  this — at  the  rate  of  filling  I 
have  just  described,  100  million  molecules  a  second — this  little  bulb 

*The  possible  duration  of  the  sun  from  formation  to  extinction  lias  l)een  variously- 
estimated,  by  different  authorities,  at  from  18  million  years  to  400  million  yeai-s.  For 
tlie  purpose  of  this  illustration  I  iiave  taken  the  highest   estimate. 
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even  then  W(iul(i  .•w-anxly  have  ailiijitt<<l  it-  full  .|ii:i<lrilli<»ii  of  ihmI«- 
eiiles.* 

Hut  wliat  will  you  wiy  if  I  t«*ll  you  tliiii  all  lln-?««*  iiioUiuU-j*,  tlii" 
<|iuulrillioii  of  in«»le<'iil(»«,  will  enter  tlirou^li  the  niicr«>r«<*<»]»ii*  Iii»le  Ijefoiv 
von  leiive  thi.M  roon)  ?  The  hole  l»<>in^  inialtrrMJ  in  .-^ize,  tin-  nnniUT 
of  n)ole<>nles  nn<liininiHhe<l,  this  apiuirent  |>anulox  i-an  only  \n-  ex]»laine«l 
iiv  a^iin  snp|M>sin;i  tin*  -ize  of  the  iiioIf<ijl«-?»  to  \h-  (iiniini-heil  ahn«»f»t 
infiniti'lv — s«»  that  inst<-a<l  of  eiittrin^  at  tin-  nite  of  1<M)  uiillions  even- 
-<<(iii<l.  tlnv  troop  in  :it  tin-  nite  of  Hoinethin^  like  .'J(i<>  trillion.^  a 
»e<'on<l.  I  havi-  <loiie  the  -inn,  Imt  fijrnn-s  when  they  nioinit  •«•  hi^h 
••••jtM'  to  have  any  nH':uiin^,  and  >n<  Ii  cmI. n!  iiion-  in-  i-  [\\\\\>-  a-  frving 
to  count  the  (lro|>s  in  the  tM-enn. 

In  stmlvinj;  this  Fourth  state  ot  Matter  w«-  secin  at  hn^ih  to  jiave 
within  our  ^nisp  an<l  oU'^lient  to  (»ur  mntml  the  little  in«livi-il)le  |iar- 
tirh-s  whirh  with  ^»mm|  warnmt  an*  sup|M»so<l  to  eonstitnti-  the  phy-i««l 
hasis  of  tin-  iniivciNi'.  W<.'  have  s4-en  that  in  H»rnc  of  its  projierti*'* 
Kadiant  Matt«r  is  as  material  as  this  taldr,  whilst  in  oth«r  pro|Hrti<-. 
if  almost  as-nuH^  the  <hara«ter  <»f  J{a<iiant  Kn«r^y.  \N  «•  havr  actually 
i<.iii|ic<l  tin-  lH)r(hr  land  where  MjitttT  and  Fortv  Mwm  to  mrr^' into 
one  another,  the  slmdowv  realm  In'twe^'U  Known  and  I'nknown,  which 
for  me  ha*<  alway>  had  jMHidiar  temptations.  I  venture  to  think  that 
the  jjjreiiUrst  s<ientiHc  j>n>l)lems  of  the  future  will  fin«l  their  H»luti«»n  in 
this  lionier  I.«and,and  even  iM'yoial ;  hen-,  it  siimils  to  me,  lie  Ultimate 
Ikciditics,  siihtle,  far-niwhin^,  wonderiul. 

"  Yet  nil  the»H-  won-,  wlicn  in>  Man  did  tlifTii  kn<>w. 

Yet  h«vi-  fmin  wiiH*»l  Ajri*  hiildcn  U'onc; 
And  InttT  Tiiiu*^  thin^'^  tiiorp  iinknownv  nhall  mIiow. 

Why  llifu  HJioiild  will(.i»H-  Mnn  mi  niiirh  luiAWtitu-. 

Thiit  niiliiinK  ih,  I>i>i  tliiil  which  he  hath  M>rti<-  '" 

•  AixHinliuR  to  Mr.  JohuHtonc  Stom-y  i  IMiil.  Msfj.,  vol.  xxx\i,  y.  Ill  ,  1  i  ..  iiajr 
o)nluia«  nUmt  Iihmi.ihmmnmi.inhnnmi.innhnmi  nuilceiil*'*.  Tlim-forp  a  )hiII>  Kl  *>  <vnli- 
iiH'lr.-«  iliiim.l.r  .i.nluin*  KJ.V  .  U  .ViKi  I(lOji.(«MNMMt.(N»o.i<i.i  ii.«»»«v  .,r  1  .'--J'li- 
,Vt4NNK),INMIUlM),<MNNNNl,  tiioUxiilrw  of  nir  iit  the  oniinary  |>n«*<iin-  I'll,  n  l--n'  th.  milh. 
whiMi  exhniintnl  to  tho  millionth  of  an  atiuiM|i|icr«.',  contain*  l,2>vs*_".',2,:i.'tUliH».«ini«»«» 
iiioiwniU'N,  lt>avinfr  l.'2HM'i-'>].iNll74T.tCi4NMMl,iMMNMMI  ntolttniU*  to  micr  thnmsh  the  |N>r- 
t'onttion.  .\t  the  niic  of  liMl.tMMMNMl  luoUtiUiw  a  itcvvtiMl,  thr  time  ix-iiiiin-d  t«>r  \\wn\  all 
lo  cMlcr  will  U-  lJ><.s.*.".l(Hil7.47«i."i4in  mx^oihU,  "r 

'_M  l.7us.'.lu.*2<il'27*»  niiiiiit*^  or 
."..■'►7s»7.'.,171.V2I  h..iip^  ..r 
Ul»H»;i.l:iJI47  d«y».  or 
4«M,.*in|731  vi-nrv 
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A  NEW  ILLUSTRATION  of  "  PERSISTENCE  of  VISION." 


By  Thomas  William  Tobin, 

Professor  of  Chemistry  and  Pliysics,  Central  University,  Richmond,  Ky. 


The  accompanying  optical  illusion,  described  and  exhibited  by  Pro- 
fessor S.  P.  Thompson,  of  University  College,  Bristol,  England,  has 
been  noticed  by  many  oi  the  European  and  American  scientific  jour- 
nals, as  a  great  curiosity.  "  If  the  illustration"  (Fig.  1),  says  the 
inventor,  "  is  moved  by  the  hand  in  a  small  circle  without  rotating  it,, 
or  if  it  is  given  the  same  motion  that  is  required  to  rinse  out  a  pail, 
the  circles  will  revolve  around  their  centres  in  the  same  direction  that 
the  drawing  moves,  and  will  complete  a  revolution  as  the  drawing- 
completes  its  circular  motion.  The  central  figure  will  also  revolve,. 
but  in  the  contrary  direction. 

Fig.  1. 


'*  No  satisfactory  explanation  of  these  phenomena  has  as  yet  been 
given.  It  is  suggested  that  the  key  to  the  mystery  may  perhaps  he 
found  in  the  property  of  the  eye  which  Brewster  and  others  call  '  com- 
pensation' ;  that  is,  the  tendency  of  a  repeated  or  continuous  move- 
ment to  cause  a  sensation  complementary  to  the  real  one.  For 
instance,  if  we  gaze  at  the  rocks  in  a  cascade  and  then  at  the  cascade 
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alUrnaU'ly,  for  a  short  tirnr,  the  nxks  will  apiKiir  to  move  upwani  ; 
or  if"  we  exaiiiine  a  strejiiii  ImImw  a  waterfall,  the  water  will  a|>j>ear  t<» 
How  rnneh  \\\.<U'V  in  tin-  iiii<l<llf  than  :it  the  rich's  of  the  streiiin.  If  w«* 
h)ok  at  the  iiiithlle  anil  -iih-  alt.  iii:it<I\ .  \\u-  water  will  hi-iii  to  H<>w 
hackwanl." 

Thiw  ({(K-ft  not  art'onl  a  Kili.>«faiiury  explanation  ot'  thf  phenomenon. 
The  |)rineiple  involviMl  is  undoiihtedly  that  of  *'  Pcrsisti'iuv  of  \'i?iion. 
or  that  pro|Hrty  of  the  retina  of  the  eye,  of  ret^iinin^  any  imap-  ini- 
preHHwl  ujMUi  it  for  a  jiercvptihle  interval  of  time.  This  inter\al  ot 
|Mrsistene<'  "  varies  with  the  sensitiven»TN"<  of  the  retina  an«l  the  inten- 
sity of  light"  ((jranot),  and  hits  U-en  found   l»y  I'let^m  to  iivenijx'"  halt 

a  second. 

FiK.  -J.  Fitf.  A. 

n  ^ ♦  b 


'i 


Draw  a  nnml)er  of  thick  hlaek  lint's  and  e«|nal  whit«'  spaet*;  inti-r- 
vening,  horizontally  ami  verti<-illy,  a.*»  in  Figs.  2  antl  'i.  If  now  tln-*«- 
tigjires  Im'  inovetl  (piiekly  in  the  din-f-tions  of  the  donhle  arrow,  nh,  it 
is  evi<ient  that,  providing  t'jich  hlaek  line  in  Fig.  .'i  ropIa«t's  the  adja- 
cent white  line  in  less  than  half  a  HHttnd.  hoth  images  of  Mack  and 
white  liniw  will  l>e  sn|K'rimj>oM"<l  n|Min  the  retina,  and  the  frtin-t  pro- 
duoeil  of  a  gn\v,  indistinct  ap|Hanineo.  Tlie  same  motion  will  not 
pr<Khi(><'  this  ert"e<-t  on  Fig.  2,  as  then*  the  similar  lini^  will  alw:iv-« 
su|HTim|)«»se,  and  the  eye  will  retain  the  intensiti«'>  of  Uitii  hlack  and 
white  lines.  Moving  the  figtins  in  the  same  manner,  hut  in  the  din-e- 
tions  o/,  these  efl'wt.s  will  W  nverseti,  j.  c.^  Fig.  2  will  l>e  indistinct, 
and  Fig.  '>\  bright  and  intensi'. 

Now,  applying  tlu-s**  con«lition-«  to  curv«><l  lines  ami  circles,  we  have 
the  sjmie  nviiltj* ;  hut,  a.s  then'  are  no  two  cnintinuous  |Mtints  in  a  curve 
or  cin'le,  the  intens4'  |M»rtions  of  the  lint's  will  !>«•  goven>»<<l  hv  the  mi>- 
tion  of  tiie  figure,  and  in  a  eirvle  moveil  in  a  cinndar  <linition.     The 
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intense   portions   will    partake  of    the   circular   motion,   as   may   be 
vixplained  by  the  following  figures : 

Assume  that  one  of  the  black  circles  of  Fig.  1,  and  represented  by 
«,  c,  e,  d,  Fig.  4,  is  moved  in  a  circular  direction,  as  indicated  by  the 
arrow,  if  in  half  a  second  or  less  it  arrived  at  the  position  b,  c,f,  d,  there 
will  be  two  intense  or  superimposed  portions,  c  and  c/,  the  remainder 
of  the  figure  being  grey,  or  indistinct. 


Fig.  4. 


Fig.  5. 


Fig.  6. 


Let  us  follow  the  motion,  and  after  another  part  of  the  revolution 
the  circle  will  be  as  represented  in  Fig.  5,  and  again  in  half  a  second 
from  that  position  the  intense  portions  will  be  at  c'  and  d'.  At  a  third 
interval  we  will  find  the  intense  portions,  as  in  Fig.  6,  at  c"  and  d" , 
iind  so  on,  but  continuous  throughout  an  entire  circle. 

It  is  the  movement  of  these  intense  spots  over  the  grey,  or  indis- 
linct  circles  that  lends  the  illusion  of  revolution.  In  the  strict  sense 
•of  the  meaning,  the  circles  cannot  appear  to  revolve,  because  revolu- 
tion of  a  perfect  and  uniform  circle  is  imperceptible  to  the  eye.  It  is 
essential  that  some  prominent  part  or  parts  indicate  the  motion.  The 
parts  c  and  d  are  made  prominent  by  their  intensity,  and  revolve  as 
shown.  The  same  line  of  reasoning  applies  equally  to  the  white  as 
well  as  the  black  circles,  in  regard  to  their  intensities. 

This  seems  to  be  the  rational  explanation  of  the  phenomena,  which 
may  be  verified  in  a  number  of  consequent  experiments,  too  numerous 
to  describe  here. 


Artificial  Indigo. — Prof  Baeyer,  of  Munich,  has  discovered  a 
systematic  method  for  the  artificial  preparation  of  this  valuable  dye. — 
ind.  Blatter.  C. 
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liv  T.  A.  Edison. 


Ill  tln"  (•oupH' of  my  cxiMTimcnts  uii  olM-tric  iijrlitiii^  1  have  «K-Vfl- 
oIhkI  .some  Htrikiii^  phenomena  iiri.sin^  from  the  he:itin^  of  meUil.**  hy 
flames  and  bv  the  eleetric  current,  w|>eeially  wirew  of  phitiniim.  and 
[tlatimim  alIoy»><l  with  iridiinii.     The.-^'  <'X|Kriments  an-  in  pn^^n-?^. 

The  fii-st  fact  ol>serv«*«l  \v:f*  that  phitinnm  lost  weight  wh<ri  h«ute<l 
in  a  flame  of  hydrojren,  that  the  metal  e«l(>re<l  the  flame  >rn*«*n,  and 
that  thc.s*'  two  n-sult.x  ruiitiiiu*'*!  until  the  whoh- of  the  platimun  iiMim- 
tact  with  the  flame  iia<i  (lisjippe:ire<l.  A  platinum  wire  four-thoiL'^;indth> 
of  an  inch  in  diameter,  and  weij;hinjj  3()<j  m.^rm.s.,  wit>*  Inincheil  t«^- 
gether  and  .sus|K'nde<l  in  a  hydn»^'n  flame.  It  U>st  weij;ht  at  the  rate 
of  a  fmction  less  than  1  ni.grm,  |K?r  hour  jL>i  long  a><  it  wai»  siLs|MMHle«l 
in  the  flame.  When  a  platinum  wire  is  stretche*!  iK-twwn  two  clamp- 
ing po«t.s,  and  arrange<l  to  pass  thn)Ugh  a  hydrogt'U  fliime,  it  is  mlonil 
a  light  gre<'n;  hut  when  the  t«'m|K'niture  of  the  win-  is  rainij  almve 
that  of  the  flame,  l»y  [Ktssing  a  current  through  it,  the  flame  is  t^tloretl 
a  deep  green.  To  ascertain  the  diminution  in  the  weight  of  a  platimim 
win'  when  heat*"*!  I>v  the  eh-t'tric  curn-nt.  I  plact-ti  U'twix-n  two  ••lam|>- 
ing  |)06ts  a  wire  flve-thoasjiudths  of  an  inch  in  diameter,  and  weighing 
266  m.grnis.  This  wire,  at\er  it  was  brought  to  in(;in<loHeetM%  ft»r 
twenty  minutes  hy  th«' current,  lost  1  m.grm.  The  same  wire  was  then 
nii.sed  to  iiurjindescence  ;  for  twenty  numites  it  gave  a  loss  of  .*{  m.grm*. 
Afterward  it  was  kept  in«';iiHh's<vnt  for  one  hour  and  ten  minutts«» 
at  which  time  it  weinhe<|  'JoH  m.grms..  a  total  loss  of  H  m.grm*. 
.\nother  wire,  weighing  .'M.'J  m.grm-.,  was  kept  mcNh-nitely  innuidi>4i-nt 
tor  nin<'  «'ons<><-titive  hours,  aiter  which  it  wciglu'*!  .'inl  m.grm*..  show- 
ing a  total  loss  of  \2  m.grin-.  A  platiniuu  wire  twenty-thoiusiindth* 
of  an  inch  in  diameter  wa«i  woiuhI  in  the  form  ofaspiml  om-^ighth  ••!" 
an  inch  in  diameter  and  one-half  an  inch  in  length.  The  two  mils  of 
the  spiml  were  seeure<l  to  clamping  jMist.s,  and  tin*  whoU*  ap|taratus  wa* 
covenxl  with  a  glass  shade  '2h  inches  in  tliametcr  and  3  inches  high. 
Upon  bringing  the  spiral  to  iniaiideecen<'e  for  twenty  niinuta«  that  part 

•A  ra|»or  read  before  the  .Knierican  .\s»o(MaU«>n  for  the  .^liTancenufit  uf  S-iencr : 
>Sanitop\  Mi>etiiig. 
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of  the  globe  in  line  with  the  sides  of  the  spiral  became  slightly  dark- 
ened ;  in  five  hours  the  deposit  became  so  thick  that  the  incandescent 
spiral  could  not  be  seen  through  the  deposit.  This  film,  which  was 
most  perfect,  consisted  of  platinum,  and  I  have  no  doubt  but  that 
large  plates  of  glass  might  be  coated  economically  by  placing  them  on 
each  side  of  a  large  sheet  of  platinum,  kept  incandescent  by  the  elec- 
tric current.  This  loss  in  w'eight,  together  with  the  deposit  upon  the 
glass,  presented  a  very  serious  obstacle  to  the  uae  of  metallic  wires  for 
giving  light  by  incandescence,  but  this  was  easily  surmounted  after  the 
cause  was  ascertained.  I  coated  the  wire  forming  the  spiral  with  the 
oxide  of  magnesium  by  dusting  upon  it  finely  powdered  acetate  of 
magnesium :  while  incandescent  the  salt  was  decomposed  by  the 
heat,  and  there  remained  a  strongly  adherent  coating  of  the  oxide. 
This  spiral  so  coated  was  covered  with  a  glass  shade,  and  brought  to 
incandescence  for  several  minutes ;  but,  instead  of  a  deposit  of  platinum 
upon  the  glass,  there  was  a  deposit  of  the  oxide  of  magnesia.  From 
this  and  other  experiments  I  became  convinced  that  this  effect  was  due 
to  the  washing  action  of  the  air  upon  the  spiral ;  that  the  loss  of  weight 
in  and  the  coloration  of  the  hydrogen  flame  were  also  due  to  the 
wearing  away  of  the  surface  of  the  platina  to  the  attrition  produced  by 
the  impact  of  the  stream  of  gases  upon  the  highly  incandescent  surface, 
and  not  to  volatilization,  as  commonly  understood;  and  I  venture  to 
*ay,  although  I  have  not  tried  the  experiment,  that  metallic  sodium 
cannot  be  volatilized  in  high  vacua  by  the  heat  derived  from  incandes- 
cent platinum ;  any  effect  that  may  be  produced  will  be  due  to  the 
washing  action  of  the  residual  air.  After  the  experiment  last  de- 
scribed I  placed  a  spiral  of  platinum  in  the  receiver  of  a  common  air- 
pump,  and  arranged  it  in  such  a  manner  that  the  current  could  pass 
through  it,  while  the  receiver  was  exhausted.  At  a  pressure  of  2  mil- 
limetres the  spiral  was  kept  at  incandescence  for  two  hours  before  the 
<leposit  was  sufficient  to  become  visible.  In  another  experiment,  at  a 
higher  exhaustion,  it  required  five  hours  before  a  deposit  became  visi- 
ble. In  a  sealed  glass  bulb,  exhausted  by  a  Sprengel  pump  to  a  point 
where  a  quarter  of  an  inch  spark  from  an  induction-coil  would  not 
pa.ss  between  points  1  millimetre  apart,  was  placed  a  spiral,  the  con- 
necting wires  passing  through  the  glass.  This  spiral  has  been  kept  at 
the  most  dazzling  incandescence  for  hours  without  the  slightest  deposit 
becoming  visible. 

I   will   now   describe   other   and   far   more   important  phenomena 
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<>bHcrve<l  in  my  rxjMTirnciit.-.  If  a  -ln»rt  Icnjrtli  of  |ilatiiunn  win*  ou«- 
tiiou.siiiidtli  i)t'  an  imli  in  diurnct'T  Im>  li<*l«l  in  tli)-  Hani«-  of  a  HiiiiM'n 
huriHT,  at  s«»nic  part  it  will  fnn-,  arxl  a  \\Ufi-  of  tin*  win-  will  U*  Im-iiI 
at  an  anj^le  bv  the  artion  o\'  the  ^iohwh'  of  nieltMJ  piatinnni  ;  in  Hini*- 
caHOH  there  are  .wveral  plohle«  formcti  Hirniiitaticoasly,  an<l  tin*  win- 
jvssnin«'H  a  zij^/ji^  sliajx*.  With  a  wire  fonr-thons;in<lth.»  of  an  in<'h  in 
<lianieter  thi.'<  etftM-t  (hx-H  not  take  j)la<'<',  xm^  tin'  t<'in|>«Tatnn'  <-:innot  !»»• 
rai.setl  to  e(|ual  that  of  the  .'♦mailer  wire,  owin^  to  the  inen-af^-*!  radiat- 
ing surface  and  ma.ss.  After  heating,  if  the  wire  l>e  examined  uiMler  a 
mi<'roscoj)e,  that  part  of  the  snrfru-e  which  ha**  l>een  im-sindex-ent  will 
l)e  found  coventl  with  iniuimmihle  crark.'^.  If  tin*  win-  In-  phui-*} 
lK*t ween  clamping  |K)stM,  and  heate<l  to  ineandewence  for  twenty  ininut<-s. 
I)V  the  pa'^sip- of  an  eh-f-tric  cnrn'Ht,  the  cnicks  will  ix-  .w>  «-nlar|n-<|  a» 
to  Ix,'  .seen  with  the  nake<l  ey«'  ;  the  wire,  under  the  micnm-ojK-,  pn^- 
.sents  a  shrunki'U  apjMiininee,  and  i^  full  of  de<'p  <'nu'k.*<.  If  the  <-ur- 
rent  is  continuo<l  for  s«venil  hours  tln-H-  effect.**  will  .m»  inj-n-ju^^'  that  tin- 
wire  will  fall  to  pit'o'.s.  Thi.*<  <lisintegn»tion  lutxlN-^'ii  notices!  in  platina 
long  sul>je<'tM|  to  the  action  of  a  flame  hy  Pnif.  .lohn  \\ ,  l)ra|M  r.  The 
failure  of  tin  pnM-i-^^  of  lighting  invente<l  l>y  the  French  chemist  Tej*«ie 
<lu  Mot;iy,  who  rai.M-*!  sh«'<'t.«<  of  platimnn  to  inciimlex-cnif  l»v  intnMJUf^ 
ing  them  into  a  hydrogen  flame,  was  due  to  the  nipiil  disint«'gralion  of 
the  metal.  1  have  aM-ertaininl  the  caiv^eof  thi.s  phenomenon,  and  have 
suc<'e<'<l(Hl  in  eliminating  that  which  pHKhK-t-s  it,  and  in  doing  s<»  have 
pnxluce<l  a  metal  in  a  state  hitherto  unknown,  atid  which  is  aliH»luteIy 
stable  at  a  tem|H'nitur»'  when*  nearly  all  }*ulistancc«  melt  or  an*  <x>n- 
sume<l  ;  a  metal  which,  although  originally  soft  an<l  pliable,  bet'omfei 
Its  homogeneous  as  glass  and  as  rigi<l  as  st«Hd.  When  wound  in  the 
form  of  a  spiral  it  is  as  springy  and  elastic  when  at  the  m<p.t  d:i7jr.ling 
incandi'Si'ence  as  when  <x>ld,  and  (^nnot  l)e  annenle<l  byanv  pnKX»**  now 
i-ommonly  known,  for  the  c:iu>4'  of  this  shrinking  antl  cnicking  of  the 
win*  is  due  entirely  t«»  the  expjuision  of  the  air  in  the  mei-hani«':il  and 
physi«il  |)ores  of  the  platinum,  and  the  contraction  upon  the  e?*"ape  of 
the  air.  Platimun  as  sold  in  ••ommeri'c  niav  be  otmiwnxl  to  s:ind- 
.stone,  in  whi«h  the  whole  is  nuide  of  a  gn-tit  nundiiT  of  jwrtii'les  with 
many  air  spaces.  The  .siindstone  upon  melting  Utimii's  hom«>gfneou- 
and  n(»  air  spa«vs  exist. 

N\  ith  platinutn  or  any  metal  tlie  air  >pa<i>  may  in-  eliminate*^,  and 
tlu'  metal  ma«le  homogenous  by  a  \vr\  simple  procv?*'.  This  pnn^'-NS  I 
will  now  describ*'.      I  ha«l    maile  a   large  number  o(  platinum  spirals. 


336  Action  of  Ueat  in  Vacuo  on  Metals.  [Jour.  Frank.  Inst*, 

nil  of  the  same  size  and  from  the  same  quality  of  wire ;  each  spiral  pre- 
sented to  the  air  a  radiating  surface  of  three-sixteenths  of  an  inch  ; 
live  of  these  were  brought  by  the  electric  current  up  to  the  melting- 
point,  the  light  was  measured  by  a  photometer,  and  the  average  light 
was  equal  to  four  standard  candles  for  each  spiral  just  at  the  melting 
point.  One  of  the  same  kind  of  spirals  was  placed  in  the  receiver  of 
an  air-pump,  and  the  air  exhausted  to  2  millimetres ;  a  weak  current 
was  then  passed  through  the  wire,  to  slightly  warm  it  for  the  purpose 
of  assisting  the  passage  of  the  air  from  the  pores  of  the  metal  into  the 
vacuum.  The  temperature  of  the  wire  was  gradually  augmented,  at 
intervals  of  ten  minutes,  until  it  became  red.  The  object  of  slowly 
increasing  the  temperature  was  to  allow  the  air  to  pass  out  gradually  and 
not  explosively.  Afterward  the  current  was  increased  at  intervals  of 
fifteen  minutes.  Before  each  increase  in  the  current  the  wire  was 
allowed  to  cool,  and  the  contraction  and  expansion  at  these  high  temper- 
atures caused  the  wire  to  weld  together  at  the  points  previously  con- 
taining air.  In  one  hour  and  forty  minutes  this  spiral  had  reached 
such  a  temperature  without  melting  that  it  was  giving  a  light  of  twen- 
ty-five standard  candles,  whereas  it  would  undoubtedly  have  melted 
before  it  gave  a  light  of  five  candles  had  it  not  been  put  through  the 
above  process.  Several  more  spirals  were  afterwards  tried,  with  the 
Scune  result.  One  spiral,  which  had  been  brought  to  these  high  tem- 
peratures more  slowly,  gave  a  light  equal  to  thirty  standard  candles.  In 
the  open  air  this  spiral  gave  nearly  the  same  light,  although  it  required 
more  current  to  keep  it  at  the  same  temperature.  Upon  examination 
of  these  spirals,  which  had  passed  through  the  vacuum  process,  by  the 
aid  of  a  microscope  no  cracks  were  visible;  the  wire  had  become  a.s 
white  as  silver,  and  had  a  polish  which  could  not  be  given  it  by  any 
other  means.  The  M'ire  had  a  less  diameter  than  before  treatment,  and  it 
was  exceedingly  difficult  to  melt  in  the  oxy -hydrogen  flame.  As  com- 
pared with  untreated  platinum,  it  was  found  that  it  was  as  hard  as  the 
steel  wire  used  in  pianos,  and  that  it  could  not  be  annealed  at  any 
temperature. 

My  experiments  with  many  metals  treated  by  this  process  ha^'e 
proved  to  my  satisfaction,  and  I  have  no  hesitation  in  stating  that  what 
is  known  as  annealing  of  metals  to  make  them  soft  and  pliable  is  noth- 
ing more  than  the  cracking  of  the  metal.  In  every  case  where  a  hard 
drawn  wire  had  been  annealed  a  powerful  microscope  revealed  myriads 
of  cracks  in  the  metal.     Since  the  experiments  of  which  I  have  just 
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-|H)k«n  I  li:ivi',  liv  tlif  :ii«l  uf  Spniipl  riuTcuPk'  |timi|>*,  pnHliutil  Iii^Ikt 
(fxliaustiitii,  ami  liavr,  l»y  «'«»nsurnin^  tivr  lioiin-  in  <X('linIiiij;  tli«*  air 
from  tin-  win-  aixl  intcrniiltiri^  tin-  ciirniit  a  ^rri-at  imiiilM-r  of  tiint^, 
slU'lT'f'il*'*!  ill  uhtaiiiiii^  a  li^^lit  of"  rij^lit  «iaii<laril  t-iiKll*-*  from  a  -piral  of 
win-  with  a  total  nuliutinjjsiirlJWf  of  1-."5"J<I  of  an  iiwli,  or  a  *-nrf:ui-  alnnit 
<'<|Ual  to  OIK- ^niin  of  luK-k wheat.  With  <|>inils  of  t||i^ -mall -i/«- whi<-h 
liavp  not  |>jLs.s«'<l  thntii^li  tin- pn «•«•?%-,  thr  av<-r.i^«'  anjoiint  of  li^lit  pv«*ii 
out  iH'fon'  melting  Lull's.*!  than  one  standani  <':in<lh'.  TIiil*  I  am  rnabh""!, 
I)v  tin*  iricnnustNl  cjiiMicitv  «tf" platinum,  to  with.^tanM  hi^li  t»*ni|X'nituri* 
to  «'mpl()y  small  nuliatinf^siirtiufs,  and  thus  nihu"**  tin-  •-m-r^y  ntjiiin^l 
f(»r  «-jiii<ll«-  li^^lit.  I  (•:in  now  ohtain  t-ijrht  "M-parat*- j**!",  •■su-h  ^:ivin^r  init 
an  al)Holiit**Iy  .»»t«uly  li^rht.  ami  »a<h  f<|iial  to  sixt«'<*n  staiuhinl  «-jin«lh-, 
or  a  total  of  TiH  <-:in(lh-s,  l»v  tli»-  «'XjM'inlitiin'  of  .'{(),<MM)  foof-j»oiMnls  of 
»iu'rj;y,  or  Ics.^  than  oin'-hors<-  jntwrr.  As  a  matt«'r  of  mrio-ity  I  liav«* 
iiuuIl' spinils  of  otluT  metal.'*,  and  ••xclud*-*!  tli«-  air  tmm  tln-m  in  th*- 
iiiannt'r  .'<tat<'<l.  Common  iron  win-  may  Im*  madr  to  ^iv«-  a  li^chl 
l^n-jiter  than  platinum  not  luiit*-*!.  The  iron  lic'(-«>nu-s  as  hani  as  sttt.*!, 
ami  just  JLS  eljtsti*'.  Nickel  is  far  mon*  n-fnwtork*  than  iron.  Steel 
wire  used  in  pianos  l)ecomej4  deiiirlMtni/x**!,  hut  remain*^  lianl,  and 
Iw-t-omes  the  color  of  silver.      .-Vluminum  melts  onlv  at  a  white  h*^^ 

In  conclusion,  it  mav  U-  interesting  to  -tate  that  the  meltiii^-|H)int- 
of  many  oxides  is  de|MMi<lent  on  the  manner  of  applying  the  Imit  ;  for 
instance,  pure  oxide  of  /in-oniiim  do<>s  not  fux-  in  the  flame  of  the  oxy- 
hydro^cn  Mow-pij>e,  while  it  melt.>>  like  wax  aiul  c«»nductt«  elei-trieity 
when  on  an  incjiinles<'ent  platinum  spiral  which  is  at  a  far  lower  ten»- 
penitun- ;  on  the  other  liaml,  oxide  of  alumituim  e:Lsily  melt.-  in  tie- 
oxy-hydropn  flame,  while  it  otdy  vitrifies  on  the  platinum-spiral. 
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tioii>  of  .M.->r-.  I'aiitnit  and  Mailiieu  sli«>w  that  the  influemi' of  eonit- 
erouH  trecH  u|K»n  the  <li.stril>u*ion  of  niin  is  twi<v  an  pn-at  as  that  «>f  the 
un^iosjM'rms.  Pine  fon'st.s  an  ••>jM'«ially  s<rvice:il)h'  in  tin-  pP>t«'<-tion 
of  sprinpi  and  in  the  pnveiition  of  Ih-sivv  showers  and  wat«r-s|»«mi.-. 
The  cin'ulation  of  air,  on  aoiuint  of  the  iliffen-nceM  of  teni|MT:ituiv 
alwive  and  under  the  tn't's,  the  «"«»nd«'ns»tion  «»f  vap*»r.  an<l  th«'  •'oiilin;: 
iiiHuences  u|Min  the  atmosphen-,  tend  to  pnMlutv  a  unit'ormitv  «»f  eli- 
mate  similar  to  that  of  the  s«ni  shon".  Hat-yrr.  Iwt.  h.  (inrrrff- 
hf litter.  i\ 
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THE  FORMATION  OF  COAL. 


The  paper  read  by  M.  Fr^my,  the  eminent  Director  of  the  Museum 
at  the  Parisian  Academic  des  Sciences,  under  the  title  "  Chemical 
Researches  respecting  the  Formation  of  Coal,"  is  of  such  great 
interest  that  we  have  no  hesitation  in  making  it  known  to  our  readers. 

It  is  known  that  coal  is  produced  by  the  decomposition  of  vegetable 
matter,  which  for  many  ages  covered  the  surface  of  the  earth.  The 
learned  chemist  has  made  a  series  of  analyses,  of  which  he  gives  an 
account  in  his  paper,  and  which  have  enabled  him  to  establish  the 
laws  of  this  decomposition,  and  to  explain  the  transformation  of  the 
tissues  of  the  vegetable  matter  into  coal  by  the  loss  of  their  organic 
form. 

With  reference  to  peat,  the  hypothesis  has  been  put  forth  generally 
up  to  the  present  time  of  a  possible  relation  between  their  formation 
and  that  of  coal.  M.  Fremy  has  been  led  by  the  same  investigations 
to  the  conclusion  that  the  peaty  fermentation  is,  so  to  speak,  the  first 
stage  reached  by  the  ligneous  tissues  before  arriving  at  their  complete 
transformation  into  coal. 

After  making  these  short  preliminary  remarks,  we  hasten  to  intro- 
duce M.  Fr^my  in  his  own  words. 

The  paper,  says  M.  Fremy,  which  I  read  to-day  on  the  formation 
of  coal  is  the  latter  part  of  the  general  investigations  on  the  vegetable 
tissues  which  I  have  carried  on  since  1850,  that  is  to  say,  since  my 
nomination  to  the  professorship  of  the  museum. 

It  is  at  the  Jardin  des  Plantes  that  I  have  found  everything  needful 
for  pursuing  my  enquiries  into  certain  matters  highly  interesting  and 
important  to  chemistry  and  vegetable  physiology. 

The  questions  which  I  proposed  to  myself  were  as  follows : 

What  is  the  nature  of  the  elements  of  which  the  organs  and  the 
tissues  of  vegetables  are  formed?  Is  it  possible  to  discover  these 
elements  without  altering  them,  and  to.  determine  with  some  exactness 
their  proportions  ?  Does  this  chemical  analysis  of  the  tissues  permit 
of  following  the  development  in  the  vegetable  organization,  and  of 
establishing  a  comparison  between  them  such  as  science  demands  ?  Is 
it  possible  for  chemistry  to  make  known  the  exact  composition  of 
these  elements,  at  present  but  imperfectly  defined,  such  as  chloro- 
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|>hylluH  gum,  the  pelatinou.s  sul^stamt-s  of  fruit.-i,  whirh  art-  foun«l  itt  a 
great  nunilx?r  of  ti>wues,  ami  wlii«h  «-«rtaiiily  play  an  inijKtrtant  j»art 
in  the  vcjjctaMc  or^aiiizjition  ?  I^i.stly,  will  it  Ik-  |M»^-ilil<',  wImh  all 
the:*e  .sul>staii<<-s  are  un«l<'r>to<j<l,  to  «l«'terniini- untkr  what  intlu«n«i.->  the 
tiiwsiies  of  these  vt^tahles  are  cajKihle  of  l>einj^  transfornutl  into  fognil 
fuel,  .such  :t-;  lijrnite,  coal  an<l  aiithni<it»*  ? 

Taking  thi.s  progratnine  a.s  tin-  l>a.sis  of  my  researchers,  I  >hall  make 
a  rapid  survey  of  th<j«e  investigations  l>y  whieh  I  sought  to  establish 
the  nature  and  composition  of  those  sul>stanoes  forming  the  .skeleton 
or  fnimework  of  v<'getal)le  matter. 

*  I'he  organic  element^*  which  I  first  e.xamined  were  hut  little  known. 
Their  ciiaracteri.stic  pn)jH'rty  is  to  pro<luce,  under  the  influence  of  fer- 
mentation or  hy  the  action  of  chemical  re:igcnts,  a  s<*ries  of  gummy 
and  gelatinou.s  .*<ubstances.  They  may  Ix-  c«infoun«lc<l  with  the  ci-ll- 
walLs  them.selves  when  they  are  merely  sul)je<tc«l  to  miorot^copieal 
examination.  They  often  join  the  cells  together,  as  i.s  shown  in  the 
ti.ssue  forming  the  pith  of  the  elder  tree.  I  have  <lemonstrate«l  that 
the  gelatinous  substances  of  vegetables  are  derive*!  from  a  primal 
insoluble  substan<v  which  I  have  name<l  ^c/ow^,  and  which,  by  su(x«»- 
sive  polvmericjil  tninsforniati<»ns.  forms  at  first  gummy  sul»stanccs, 
then  gelatinous  iMnlies,  and  ht-tly  a  s«»luble  acid,  the  strength  of  whi«h 
may  be  compared  with  that  of  the  acids  foun<l  in  fruits.  All  these 
transformation.^  are  prinluce^l  during  the  gn>wth  of  the  vi-gt'tation. 

M.  Fr<imy  then  undert»H)k  the  investigation  of  the  pro|K'rties  an«i 
nature  of  the  .stable  and  fixwl  Ixxlii'S  forming  the  fibres,  the  t^Ils  and 
the  ducts.  From  these  researches  it  results  that  the  vegetable  frame- 
work is  not  .so  simj)le  :is  was  commonly  sup|xise<l.  It  is  not  con.sti- 
tutiil  of  a  single  sul>stanc«',  the  i-ellular  variously  incru.sti"*!  with 
foreign  sulmtances,  but  of  several  kinds  of  i»omeri<'  cellular  sul)stan(x>. 
In  addition  to  this,  a  ver)'  im|M)rtant  IhmIv  is  also  met  with,  which 
tlitlers  from  the  cellular  in  n^jKHt  to  its  (>)mj>osition  and  j>n»|H'rties,  a 
body  which  runs  abuiulantly  in  the  ducts,  and  whi<h  M.  Freniy  has 
tor  this  re:uson  c:illnl  rvMcj/Awf.  It  is  this  sul»stan<v  which  c:uis«'s  the 
hanlncss  anil  ilensity  «)f  the  ligneous  ti.ssues  to  varA*  atrtinling  to  the 
pro|H)rti4>n  in  which  it  is  containetl.  Oak  nuiy  ci»ntain  30  |K*r  cent,  of 
it,  and  Jis  much  jus  oO  per  cent,  may  ho  founcl  in  nutshells.  The  nutcu- 
loxf  is  platted  lH'twt>en  the  walls  of  the  fibres  and  the  ixlls.  and  tniite- 
them.      It  us  diss4>lvetl  by  c:iu.stic  alkalies. 

Alter  thi-s*'   internal    tissues   M.  Fr<^mv   studictl   the   Uxlies  which 
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cover  and  protect  them,  such  as  the  cuticle.  He  called  by  the  name 
of  cutose  the  substance  which  forms  the  cuticle,  and  which  is  even 
found  in  cork.  It  is  rsmarkable  for  its  fixity,  and  is  scarcely  affected 
by  sulphuric  acid.  Lastly,  to  complete  this  general  study,  the  learned 
Director  of  the  Museum  examined  those  bodies  which  are  most  fre- 
quently met  with  in  the  tissues.  Gum,  for  instance,  is  not  a  neutral 
substance,  as  has  been  commonly  supposed,  but  a  veritable  salt,  result- 
ing from  the  combination  of  a  genuine  acid  with  lime.  The  chloro- 
phyllus  itself  is  not  a  neutral  substance.  It  is  formed  of  a  bluish- 
green  alkaline  salt,  phyllocyanate  of  potiussa. 

These  preliminary  researches  being  concluded,  M.  Fremy  placed  the 
top  stone  to  the  edifice  by  attempting  the  solution  of  the  difficult  and 
interesting  problem  of  the  formation  of  fossil  fuel.  If  vegetai)le 
palaeontology  has  made  such  greiit  progress  in  these  latter  times,  it  may 
be  said  that  the  chemical  part  of  the  question  has  remained  in  absolute 
darkness.  We  know  not  under  what  influences  the  vegetable  organi- 
zation has  been  destroyed  to  form  this  black  bituminous  mass,  partly 
fusible,  non-organic,  and  insoluble  in  dissolvents,  which  constitutes- 
coal.  This  substance  neither  resembles  the  pyrogenous  bodies  pro- 
duced in  our  laboratories  nor  the  ligneous  tissues  which  have  formed 
it.  By  distillation  it  gives  forth  volatile  products  which  do  not 
resemble  those  given  by  wood.  It  leaves  also,  as  a  fixed  body,  a 
special  substance  called  coke,  which  is  very  different  from  charcoal. 

Having  already  introduced  this  question  in  a  previous  paper,  ^I. 
Freray  mentioned  several  chemical  reactions  which  characterized  wood^ 
peat,  lignite,  coal  and  anthracite.  Wood  is  not  perceptibly  affected  by 
a  diluted  solution  of  pota.ssa,  whereas  peat  often  renders  to  this  alkali 
considerable  quantities  of  ulmic  acid.  Xyloide  lignite,  or  fossil  wood,, 
also  contains  notable  proportions  of  ulmic  acid ;  but  it  is  not  to  be- 
confounded  either  with  wood  or  with  peat,  because  it  is  transformed 
into  yellow  resin  by  nitrif;  acid,  and  is  completely  soluble  in  hypo- 
chlorites. Compact  or  perfect  lignite  does  not  contain  any  sensible 
([uantity  of  ulmic  acid,  but  is  soluble  in  nitric  acid  and  hypochlorites. 
With  respect  to  coal  and  anthracite,  they  are  characterized  by  their 
insolubility  in  all  the  neutral  solvents,  acids,  alkalies  and  hypochlo- 
rites. 

The  experiments  of  M.  Daubr^e  upon  anthracite,  and  the  no  less 
interesting  experiments  of  M.  Baroullier  upon  coal,  lead  us  to  think 
that  the  transformation    into   coal  is  brought  about  by  the  action  of 
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Ileal  iind  ino-^iin-  ii|)«»ii  tin-  vfj;etal>k*  mattery.  In  <tnl»r  to  analyze 
the  phononu'iioii,  M.  Fr^niy  ariimjrf*!  a  s<'ri<'s  of  tirst-^,  in  which  the 
ve<]jetiil)le  tissues,  on  tlic  <»ne  han<l,  an<l,  on  the  other,  tlM»s«*  sul>>tiin«-es 
which  most  fre<juently  accompany  them  in  the  or^nization,  were 
h«iite<l  to  l>ctwe«n  2<Mr^  and  .'KM)'-  for  s/»me  hours  in  plass  tul>e**  seah-^i 
;it   Imth  cIkI*. 

In  tiies<'  cxiMTimciits  M.  Frcmy  (>l>s<'rvc<l  a  gn-at  mo«litiaiti<»n. 
The  tissm-s  JKM-.imc  hhuk,  l)rittl(',  and  fn-e  Iroin  wat<T,  acid>,  pt<  and 
tar;  hut  they  retaininl  their  original  orfraniziition,  and  turnish«'<l  a 
tixt-d  pHKlnct,  otlerin;;  no  resi-rnhhinee  to  coal. 

The  IciiriHil  aeiuhtnician  then  siihmittetl  t«»  tlie  sijme  ti-st  a  (vrtain 
numlxT  of  IxKlies  pro<luce<l  by  orpinism,  such  as  sugar,  .starch,  gum, 
♦•tc.,  and  arriveil  at  very  diflerent  results.  These  l)«Kli«>  were  trans- 
f<>rme<l  into  suhstauj-j-s  having  a  (-ertain  analogy  to  <-oal :  they  wen- 
l>hck,  shinv,  often  melted,  and  (piite  insiiluble  in  acids  and  alkali<-s. 

TIm'  analvsis  of  these  IxMlies,  which  M.  PVemy  designates  by  the 
name  of  coallv  -ul^tances.  ha>  demonstnit«Hl  the  complete  analog^'  of 
their  composition  with  that  of  natural  coal.  Coal  from  gum  give>  in 
anah'.sis  almost  the  sjune  «juantities  of  c:irbon,  hydrogen  and  oxygen 
n-  natural  coal. 

Fn»m  these  coincidences  of  conipii-^ition  M.  Fremy  draws  the  ci»n- 
clusion  that  the  elements  containe<l  in  the  vegetable  evils — such  a^ 
ciiiriir,  starch,  and  gum — play  an  imj>ortant   part   in  the  pnKlucti<»n  of 
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This  result  wa>  doubtless  a  very  interesting  one;  btit,  in  onhr  to 
.•oiii])let«' it,  it  was  neeessarv  to  explain  how  the  tissues  of  vegetabh^ 
could  lose  their  <»rg;uiic  form  and  pnKluce  the  amorphous  mass  <"all«il 
4-oal.  IJesides  this.  als«»,  it  was  necessary  that  the  tissu«'>  should  Ix 
prove*!  to  l»e  caj)able  of  undergoing  the  same  coal  transformation  whi<'h 
was  realized  bv  o|>erating  u|M>n  the  non-organic  Ixxlit-s  whi<h  atxi>ni- 
panie<l  them. 

The  studi«s  ot"  the  eminent  cliemiM  with  n-sjH^-t  to  lignite  and  jK-at 
now  provetl  of"  gre:»t  a.s>istan<r  to  hiin.  He  had  seen  in  thes*' o>ni- 
bu"itibh'>  the  ulniic  acid  app«-ar  in  |»rojMirti«»n  as  the  lign«'ou>  tissuo 
lost  their  organi/:ition.  W  Inn  a  jn-at  was  adviu-e»l  he  only  found 
insignitic:u)t  remains  of  org-anic  ti.s.sue,  but  tlun  it  dtmtaineil  fn»m  5<> 
to  (30  JHT  »vnt.  of  ulmie  acid.  On  examining  the  fossil  av<mhI  M. 
Frcmv    found  prettv  thick,   black,  and  .shining  laytr«.  of  iilmie  acid 
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proceeding  from  tlie  transformation  of  vasculose  besides  the  ligneous 
fibres,  which  were  not  yet  completely  disorganized. 

This  observation  demonstrated  the  transformation  on  the  spot,  and 
in  the  ligneous  tissue  itself,  of  a  part  of  the  wood  into  ulmic  acid.  In 
this  way  M.  Fremy  was  led  to  admit  the  fact  which  appeared  to  pre- 
dominate in  his  researches,  that  the  vegetable  matter  was  first  changed 
into  peat  before  producing  coal,  and  that  in  this  modification  the  dis- 
appearance of  the  organic  tissues  was  owing  to  a  kind  of  peaty  fermen- 
tation. To  confirm  this  hypothesis  he  found  it  necessary  to  prove  that 
the  ulmic  acid  could,  like  the  bodies  previously  experimented  upon,  be 
transformed  into  coal. 

In  consequence  M.  Fr^my  studied  the  transformation  of  three  kinds 
of  ulmic  acid,  and  discovered  that,  after  a  calcination  of  120  hours,, 
the  ulmic  acid  of  the  peat  was  converted  into  artificial  coal,  present^ 
ing  the  same  composition  as  the  coal  of  Blanzy. 

Lastly,  the  mixtures  of  chlorophyllus,  fatty  bodies  and  resins 
obtainetl  from  leaves  by  treating  them  with  alcohol,  when  submitted 
to  the  same  operation, — that  is  to  say,  heated  under  the  pressure  of  150 
hours, — produced  a  black,  viscous,  odorous  substance,  insoluble  in 
alkalies,  and  presenting  an  evident  analogy  with  natural  bitumen. 

From  thase  facts  M.  Fremy  draws  the  following  conclusions : 

1.  Coal  is  a  substance  which  proceeds  from  the  transformation  of 
vegetable  matter,  but  which  no  longer  preserves  its  organic  form. 

2.  The  vegetable  marks  which  the  coal  presents  are  produced  by  it, 
jis  in  schist  or  other  mineral  substances,  and  do  not  prove  its  organiza- 
tion. This  fuel  is  a  bituminous  and  plastic  matter,  on  which  the 
external  features  of  the  vegetation  are  moulded.  When  a  piece  of 
coal  presents  on  its  surface,  or  within  its  interior,  marks  of  vegetation, 
it  is  not  to  be  thence  inferred  that  the  adjacent  parts  are  nece&sarily 
the  result  of  the  alteration  of  the  tissues  which  were  covered  by  the 
membranes  whose  form  has  been  preserved. 

3.  The  principal  bodies  contained  in  the  vegetable  cells,  submitted 
to  the  double  influence  of  heat  and  pressure,  produce  substances  which 
present  the  properties  and  composition  of  coal. 

4.  The  coloring,  resinous  and  fatty  matters  contained  in  the  leaves 
are  changed,  by  the  action  of  heat  and  pressure,  into  substances  which 
approach  very  nearly  to  natural  bitumen. 

5.  With  regard  to  the  lig-neous  tissues  at  the  base  of  the  cdlulose 
and  the  vasculose,  they  are  not  transformed  directly  into  coal.     Before 
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Ix'iii)^  so  rhanijfHl  tli<'V  p:Lss  tlintiitrli  a  jtnK'<'ss  of  |)«-:ity  frriiH-iitatioii, 
wliicli  pHHliK-rs  iiliuic  juid.  It  is  only  in  tin'  s<'<'oiul  phut*  that  this 
ulmic  jM'id  is  tniiisfortiuKi  iiit<^)  nml,  niin^liti>;  with  all  thf-  ctial-roniiin^ 
Kiil)-;taiic»'.-.  piVMliiccd  hv  the  <'ont<'rits  of  thf*  n-ll-. —  L' Ifuiti/lf. 


Ki:(;iv\KKATIVE  SYSTEAf  FOR  r;.\S-LI(  HIT. 


Mr.  F.  SieuH'iis,  of  Dnsdcii,  Gorinany,  likr  his  brother,  a  prominent 
elwtrician  and  inv«'ntor,  luis  pnldislnHl  in  the  IWhatuU.  z.  /iff.  it. 
Grirerh.n  valuable  appli(-.ition  of  his  re<;enerative  syst^-ni  for  pis-lijrht. 
Startinj;  frotn  the  fact  that  the  intensity  of  the  li^ht  is  infTtas<^|  hy  an 
inere:Lse  in  the  t<'ii»|)enitnn'  of  eoinhustion,  he  designe<l  a  niiinlxT  of 
ditlrri-nt  slvh-s  of  larM|>s  in  whiih  the  air  for  the  eonihustion  of  i^.u*  is 
heated  l)V  the  wa-^te  ^tn-s,  the  <nj)ply  of  air  Iwinj;  n-j^nlat*-*!  l»y  theeur- 
reiits  prtMliiei'd  hy  thedi<ferene<'of  the  teni|H'n»tureof  theair,  the  pt- and 
the  |>riMlncts  of  eoinhustion.  The  lamp  e«»nsists  of  thn**-  iron  tulM-.  of 
suital)le  diameters,  jthu-i-tl  one  within  the  other,  the  Uj>|M-r  |Hirtii»n  of 
the  lamp  l)ein»;  enclose*!  in  a  spheri<-:il  irlobe.  Th«'  entin*  spac«c 
ineloseil  hv  the  different  tulns  is  filled  with  win^  nettin<r,  eonstitutin^ 
what  Mr.  Siemens  calls  re<^'nenit«»rs,  an<l  whieh  stTve  for  al»sorl>inij 
the  heat  of  the  pnxluets  of  eomhustion  and  for  giving  it  off  to  the  pts 
and  the  air  for  hiirning  the  latter.  Tlu-  eentml  tuU'  is  as«Hl  for  e<>n- 
veyini;  the  pi<,  whieh  enti'iN  it  from  l)elow.  The  air  is  admitt«"d  fn»m 
Ik'Iow  into  the  annular  spa«v  lK'twe<'n  the  e«'ntnil  and  S4«»iin»l  tuU*, 
while  the  hot  prmluet.s  of  eonihustion  desot'nd  through  the  annular 
Hpae<'  iH'twj-en  the  se<-ond  and  the  third  tuU-.  Hy  this  nu-an-  the  he:it 
ahsorlntl  by  the  wire  netting  in  the  outer  tuU'  will  U-  e»tnduct«il  and 
refle<te<l  to  the  two  inner  ones,  and  st-rve  t<»  he:it  air  and  pv-  and 
inert>u.se  the  intensity'  of  the  Hame.  The  pnKluet.s  of  j-ombibition  rise 
upwanl  within  the  spa*"*'  inelos4Hi  bv  the  g-as  gloU',  ami  then  ch^Mvnd 
along  its  sidt-s,  until  they  n'a<'h  the  anmdar  spaet*  of  the  n-gi-nerator, 
without  imjHsling  the  flow  ot"  air  or  g:L-.  Mr.Sieinens  has  njustruetcil 
the  lamp  in  >U(h  a  manner  that  the  regeiienitor.  having  a  dis«-  -hajw', 
wrves  a<  a  retli-^-tor  at  the  sime  tinje.  While  the  eonstrueti<»n  of  tlu-so 
lamps  is  not  sueh  as  to  make  the  system  n':idily  appli«':»ble  tn  single 
burner  lights,  it  isdestin^xl  t<»  enlargt»  or  maintain  within  ••ertain  limits 
the  ground  whi«h  gas  has  Ihhii  rapitlly  lo>ing  in  its  «i>ni|H'tition  with 
the  elwtrie  light  for  the  illumination  «»f  large  s|»:u"es. — Iron  Ai/t. 
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PATENT  METAI.  JACKET  and  MOVABLE   BOILER  and 
PIPE  COVERING. 


By    I.   Neavton    Peirce. 

Read  before  the  Franklin  Institute  at  its  meeting,  Sept.  17th,  1879. 


As  early  a.s  1799  aiuonu;  the  methods  of  .saving  heat  and  protecting 
steam  from  condensation  air  was  tried  an  a  non-conductor.  Ever 
since  tlien  "dead,"  or  confined  air,  ha.s  been  considered  the  best  non- 
conducting medium  with  which  to  surround  steam  boilers,  steam  pipes 
and  hot-blast  pipes.  The  great  ex})ense  attending  the  usual  methods 
for  accomplishing  this,  as  well  as  the  imperfect  manner  in  which  it 
has  l>een  done,  has  been  a  serious  objection  to  its  general  adoption. 
By  this  invention  the  material  used  is  so  cheap,  the  method  so  simple, 
its  apj)lication  si>  ea.sy  and  the  covering  so  .strong  and  durable  that  it 
c<»mes  at  once  within  the  reach  of  all  using  boilers  and  pipes.  In 
most  instances  where  boilers  and  their  connecting  steam  pij^es  are 
covered  by  this  method  the  .saving  in  fuel,  in  five  or  six  months,  pays 
for  the  entire  expen.se  of  this  covering. 

The  material  u.se<l  by  this  method — to  make  a  "dead  air  space" 
antund  tlie  boiler  or  pipe — is  common  .sheet-iron  No.  28.  After  being 
cut  into  desired  sizes  it  is  j)unched  all  over  its  surface  into  small  holes, 
somewhat  in  the  sha}>e  of  a  V,  leaving  the  top  of  the  V  attached  to 
the  sheet,  and  then  l^ending  it  so  as  to  be  at  right  angles  with  the 
sheet,  at  the  same  time  giving  this  V  point  a  concave  or  spoon  shape, 
that  it  may  have  the  greatest  possible  strength.  These  pieces  of 
punched  sheet-iron  are  then  bent  or  shaped  to  fit  the  boiler  or  pipe 
they  are  intended  to  cover,  sometimes  having  break-joints  in  them  by 
which  they  can  be  attached  to  each  other.  If  for  a  steam  pipe,  these 
pieces  are  about  half  the  circumference  of  the  pipe,  with  a  break-joint 
«,n  one  edge  of  each,  to  fit  into  each  other  at  the  toj)  or  on  one  side  of 
the  pil>e,  with  the  bottom  or  opposite  side  overlapping  each  other. 
The  points  of  the  V's  resting  against  the  boiler  or  pipe  keep  the  sur- 
face of  tlie  sheet-iron  equi-distant  in  every  part  from  the  surface  of 
the  boiler  or  pipe,  thus  producing  and  preserving  an  equal  air-space 
.surrounding  the  boiler  or  j)ipe.  It  then  remains  to  confine  this  air 
and   prevent  any  circulation.     This  is  done  by  covering  this  metal 
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jacket  with  -oiiic  ^ikkI  iioii-(<»ii(|ii(tiii)f  )>l:i>ti<-,  <»r  hair,  «»r  a?ilH'Stos,  «ir 
paper  leltinj;.  Tho  hoh-s  in  the  sliLMt-iron  atlord  the  ln-st  «»piH»rtuiiity 
for  anv  phisti<-  felting'  t«>  rlinrh  and  lii>t<-n  it-<-lt"  firmly  to  thr  nu-tal 
jacket. 

To  make  ihi-  covering;  a  ni<»val)le  one  it  i>  only  ne<-es.siry  to  tiirn  up 
the  edges  ol"  the  nidal  jacket  al)ont  an  incli,  at  right  aiigh-s  to  the  g«-ii- 
cral  surface,  in  the  form  of  ihintre>.  Wlien  j)hu-<'<l  on  the  Ixjilcr  or 
pipe  the  Hango  are  l»i-ought  closely  together  an<l  arc  fasten*-*!  there  l)y 
I'-shajH'd  pic<<'s  of  w  ire  >lijiped  over  tlie  two  Mange-s,  and  the  pia-^tie 
or  <»tlier  felting  is  put  <»n  in  the  usual  manner;  the  Hang«->  jirot^-t-ting 
the  (Hlge>  from  being  injureil  when  tlie  coverinL'  i-  haiidhd  l>v  iM-in;.' 
removed  and  |»iitting  on  again. 

To  remove  anv  section  of  this  covering  it  is  only  net-t-rvstry  to  pull 
out  the  win*  U's  or  clamj)s  that  are  <»n  the  flanges  of  tliis  st-i'tion,  and 
lift  the  S4'cti(»n  off.  AH  the  other  sections  will  remain  firmly  attaehe<l, 
ami  when  put  hack  again  and  tin-  elam|»~  put  in  their  plac<-  the  .s4'<-tiun 
liecomes  a.-'  firm  as  at  first. 

For  the  purpose  of  making  repairs  to  Iwiilcrs.  or  allowing  them  to 
l>e  inspe<'ted,  thi>  movahle  featinc  Kciomcs  a  very  gre:it  eonvenienc*'. 


Temperature  of  the  Sun. — Newton,  \\  aterston,  Kri<->.-ou  and 
Seiiclii  ha\c  a-^M'ited  that  the  >un's  tem|K'r:itiuv  c:innot  Ik-  lesn  than 
irom  one  to  two  milli.ms  (.f  degri'cs  (1,80C),(J()0  to  3,600,000° F.); 
Touillct,  Vicaire,  Violle  and  numy  others  maintain  that  tin-  temj»era- 
turc  cann<»t  e.\i-ee<l  froni  1500 M  2oO0  (2700  to  JO(K»  F.j.  Th«- 
Freiu'h  Acjulemy,  in  1.S76,  ofVen-<l  a  Bonllu  l*rize  for  the  s4»lution  of 
tiie  tpicstii>n,  which  rcsulttHl  in  a  reward  to  \'iolle,  (vrtifuiites  of 
••  houorahic  mention"  to  \'ic:iirc  and  ("ro\a,  and  a  withdrawal  of  tile 
pri/.i-,  in  c<»nsc«pience  of  the  ditliculty  and  luicertainty  involvi-*!  in  the 
«|Ue.stion.  Smu-Iu  (»l>tainc«l  more  than  2,(KM),()(H)°  l»y  NcwtonV  formula, 
while  Viollc  ohtaiiuil  only  loOO  Ity  the  fornnda  of  Dulong  and  Petit 
from  tin-  same  set  of  observations.  F.  Rosetti,  in  a  m«-moir  crowm-*! 
I'y  the  Royal  Anulnnia  </«/  Liurri  dis(.>iLs.ses  exjH'rinuMjt.-  and  meth«nls 
ot"  his  own.  from  which  he  concluiK's  that  the  leminniture  c-annot  U- 
much  U'S*  than  10,(>.K)=  (J8,(K)0''F.)  or  much  mon-  than  2o.(KK) 
{;il),000<'F.).— .l/uj.  (/(  Chim.  d  df  Phy>i.  < ". 
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STUDIES  ON  ULTRAMARINE. 


The  composition  of  natural  ultramarine  is  by  no  means  constant. 
The  carbonate  of  lime  found  in  it  In'  Gmelin  to  the  extent  of  28  per 
cent,  belongs  to  the  gangue  in  which  the  lazulite  is  imbedded.  Natural 
ultramarine  does  not  resist  alum  and  acids,  but  is  decomposed  by  them 
with  liberation  of  hydrogen  sulphide  often  more  readily  than  are  arti- 
ficial samples.  There  is  consequently  no  means  of  distinguishing  the 
natural  from  the  facticious  product.  Dilute  a<rids  decompose  artificial 
ultramarine  with  the  evolution  of  sulphuretted  hydrogen  and  sulphur- 
ous acid.  The  ro.se-colored  kinds  give  off  sulphurous  acid  alone. 
Concentrated  sulphuric  acid  is  without  action.  Hot  concentrated  solu- 
tions of  caustic  alkalies  turn  the  color  from  blue  to  grey.  Saturated 
solutions  of  alum  decompo.sc  ultramarine  slowly  in  the  cold,  but  more 
rapidly  with  the  aid  of  heat.  At  about  200°  it  is  converted  by  acids 
into  a  violet  ultramarine,  which  final ly  becomes  red.  Ultramarine  may  l^e 
heated  to  redness  without  being  decolorized,  and  with  certain  precau- 
tions it  may  even  be  incorj)orated  in  melted  gla.ss,  but  it  begins  to  be 
affected  at  120°  and  becomes  less  brilliant.  The  complete  analysis  of 
ultramarine  is  very  laborious.  The  author  gives  here  a  process  suffi- 
cient for  the  requirement^  of  the  manufacturer,  and  showing  the  silica, 
alumina,  total  sulphur  and  soda.  The  sample  is  first  decomposed  by 
fuming  nitric  acid.  No  sulphuretted  hydrogen  escapes,  and  the  total 
sulphur  remains  in  the  liquid  as  sulphuric  acid.  The  liquid  is  evapor- 
ated to  dryness,  the  residue  is  taken  up  in  a  little  water  acidulated  with 
hydrochloric  acid,  evaporated  a  second  time,  again  dissolved  in  acidu- 
lated water,  and  the  silica  remaining  undi.s.solved  is  washed  with  cold 
water  upon  the  filter.  In  the  filtrate  the  sulphuric  acid  is  precipitated 
witii  barium  chloride,  when  the  weight  of  the  barium  sulphate  shows 
the  total  weight  of  combined  sulphur  in  the  ultramarine.  Alumina  is 
then  precipitated  by  ammonia,  and  in  its  filtrate,  after  removing  baryta 
by  means  of  sulphuric  acid,  the  soda  is  determined  as  sulphate.  The 
properties  required  by  consumers  of  ultramarine  are  a  deep  and  hrW- 
liant  color,  fineness,  tinctorial  power  and  resistance  to  alum  and  to 
acids.  All  these  points  are  determined  by  comparative  trials  with  a 
standard  specimen.  Papers  or  textile  materials  tinted  Avith  aniline- 
blues  on  exposure  to  the  sun  are  bleached  often  in  a  few  hours.     No 
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othor  hliic  cinplovc*!  fur  this  |tiirjM>~4-  fjuhs  so  nijddlv.  Pajx-rs.  tt«-.. 
tiiit<*<l  uitli  iiltr.uu.'iriiK'  <»r  with  «'o!t:ih  Icav*-  a  hhu' a.-ih  «»»  inrjiM'ration. 
If  iiltr.iiiiariiH-  ha-;  Imhti  iis<'<l  the  :ts|i  i<  (Ic^'olitri/nl  Itv  thf  a|i(»li«":iti<»ii 
of  <lihit<'  a<-i<l>,  while  th«'  sha<h'  of  <-ol)alt,  on  the  rontrarv,  is  brijrht- 
♦•ne<l  hy  thi.s  treatment.  PajK^rs,  etc,  l>hi«*<|  with  I^riLssiaii  hhie,  yiel«I 
f)n  ignition  an  a<h  whi^h  girl's  the  re,*iftiMn>  of  iron. — Chrm.  Siwh. 


TIIK  KANK  (JEYSKK   NVKLL. 


By  Chas.  a.  .V.^nHrH.\KH. 


Tlie  Kane  Cieysor  or  Spontin^   ^\'ater  Well,  whiih  (hiring;  the  pa^t 
year  hits  attraetitl  sneh  ;;eneral  attention  from  the  ''  sight-.se<ing  "  pnl» 
lie,  i.s  no  novelty  to  the  oil   man.     The  eaiist^  of  the  aetion  h:us  Im-^ii 
so   erroneonsly    represont«*<l    that  a  e  »rreet    explanation  se<'ni>i   to   !►« 
<len]an<le<l. 

This  well  is  sitnate<l  in  the  valley  of"  Wilson'-  liMM.  n»-ar  tin-  liin-  ot" 
the  Philadelphia  and  Erie  liailroad,  fonr  miles  s4mthe:L->t  from  Kan*-. 
It  w:ls  drille«l  hy  Messrs.  (iruhont  and  Taylor,  in  the  sprin<r  ot  iSTs, 
to  a  total  <iepth  of  20(M)  fut't.  No  jK'trolenm  w:l>  fonnd  in  pavini; 
(jiiantities  and  the  casing  was  drawn  and  the  h«»h'  ahandoneil,  simi- 
which  time  it  has  Ikhmi  tiirowing  j)eri<Klie:ilIy — Id  to  lo  minnte>— a 
(lolnmn  of  wat<'r  and  pts  to  heights  varying  from  1<K)  to  l.W  d'vi. 

Dnring  the  o|M*nition  of  drilling,  fresh  '*  water  veins"  wen*  eiieonn- 
tered  down  to  a  depth  of  ;iH4  feet,  whi<h  was  the  limit  of  the  easing. 
At  a  <lepth  of  1415  fe<'t  a  v«'ry  lH':ivy  "  g;is  vein"  was  strnek.  Thi- 
gjis  was  |)erniittiHl  a  fre<'  esia|M'  diirin>r  tin-  time  th<'  ilrillinij'  wa-  <  .-n- 
tinued  to  20(X)  feci. 

When  the  well  was  aijandoiutl,  from  failure  t<»  tin«l  <»il,  and  thf 
e:tsing  drjiwn,  the  fr<>sh  watir  Howe*!  into  the  well  and  the  eontlirt 
U'twcHMi  the  water  and  the  gjts  e»)mmenee<l,  rendering  the  well  an  olt).i-i 
of  great  interest.  The  water  Hows  into  the  well  on  top  of  the  g:»-. 
nntil  th(>  |>re.ssnre  of  theeontineil  g:ts  JK'^-omts  gn':iter  than  tin-  weight  oi 
the  snperinenmlHUt  wat<T.  wlun  an  e\|>l«tsion  tak«->  plae<'  and  a  eohmm 
of  water  and  g:us  is  thrown  to  a  gnnit  height.  This  <MM'urs  at  pn*-*!)! 
at  regnlar  intervals  of  1.5  Miinnt«s  and  the  s|H>ntinir  <*ontinn<>s  for  11 
minutes.  On  -Inly  .'Ust  Mr.  Sheafer  (aiil  .MeKean  County t  me:winil 
two  columns,  which  went  to  heights  rts|M.vtively  of  120  and  I'Js  jot. 
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On  the  evening  of  August  2,  I  measured  four  columns  in  succession, 
and  the  water  was  throAvn  to  tlie  following  heights  :  108,  132,  120  and 
1.38  feet. 

The  columns  are  composed  of  mingled  water  and  gas,  the  latter 
being  readily  ignited.  After  nightfall  the  spectacle  is  grand.  The 
antagonistic  elements  of  tire  and  water  are  so  promiscuously  blended, 
that  each  seems  to  be  fighting  for  the  mastery.  At  one  moment  the 
flame  is  almost  entirely  extinguished,  only  to  burst  forth  at  the  next 
instant  with  increased  energy  and  greater  brilliancy. 

During  sunshine  the  sprays  form  an  artificial  rainbow,  and  in  win- 
ter the  columns  become  incased  in  huge  transparent  ice  chimneys.  A 
number  of  wells  in  the  oil  regions  have  thrown  water  geysers  simi- 
lar to  the  Kane  well,  but  none  liave  attracted  .such  attention.  As 
early  as  1833  a  salt  well,  drilled  in  the  valley  of  the  Ohio,  threw 
oolumns  of  water  and  gas  at  intervals  often  to  twelve  hours  to  heights 
varying  from  50  to  100  feet.  This  well  is  possibly  the  first  of  the 
*'  water  and  gas  gey.ser  wells." — Sfoweirs  Petroleum  Reporter. 


DECOMPOSITION  OF  CHLORINE. 


Mr.  Fred'k  Barkas,  of  the  Zurich  Polytechnikum,  writes  as  follows: 
"A  most  importiuit  cliemical  discovery  has  just  been  made  by  Herren 
Victor  and  Carl  Meyer,  of  the  Polytechnikum,  Zurich.  Herr  Victor 
Meyer  had  been  making  a  number  of  experiments  to  determine  the 
vapor  densities  of  .some  organic  comjumnds  whose  constituents  were 
doubtful.  Having  invented  a  new  and  simple  apparatus  for  the  pur- 
po.se,  in  order  to  determine  its  accuracy  he  made  several  experiments 
to  test  the  vaj)or  density  of  the  commoner  elements — oxygen,  etc. — at 
temperatures  from  100°C.  (boiling  water)  to  1567°C.  (heat  given  by 
a  gas  furnace).  At  length  he  tried  chlorine,  which  gas  was  obtained 
by  heating  j)ure  dry  bichloride  of  platinum,  but  the  results  were  not 
in  accordance  with  theory.  When  the  gas  was  heated  at  temperatures 
under  and  up  to  620°C.  it  gave  a  vajK)r  density  of  2*46,  while  theory 
gives  2'45.  This  was  very  good  ;  but  at  808°C.  the  density  was  only 
2-20.  At  1028°C.  it  gave  1-87,  while  at  from  1242°C.  to  1567°C. 
the  density  remained  nearly  constant  at  1*64  average.  From  this  it 
was  to  be  inferred  that  two  molecules  of  chlorine  at  temperatures  above 
]200°C.  break  up  into  three  molecules.      Next  came  the  question, 
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Does  this  ari.s<-  from  :iii  alteniti«m  of  tin-  ni<»l<Hiil;ir  constitution  of 
chlorine,  or  from  an  actiuil  (Iccomjxtsition  into  some  new  pus -s ;  in 
othor  words,  is  chlorine;  an  ch-mont  /  Thereupon  tlie  «'X|>an«le<l  chlo- 
rine gas  wa.s  slowly  <-aasf;<l  to  stream  into  a  Hui<i  that  al>H»rl>s  chlorine. 
PotaKsa,  iodide  of  jK)tii.ssium  ami  menurv  were  all  astnl  for  the  purjHisc', 
and  with  the  sjime  result— a  ^as  acciunulatj^l  in  the  me;L<urinjr  tuU* 
that  Wits  not  chlorine,  hut  oxyiren.  (jhlorine  w:ts  therehy  itrov*^!  t«« 
he  n«»t  an  element  hut  an  oxide  ot'  some  new  element.  .V  mimlMT  <•! 
careful  in  vest  i<;at  ions  were  then  made  to  In*  sure  that  the  «-hlorine  1L-41I 
wjts  ahsolutely  pure  and  dry,  hut  with  the  satne  result.  The  new  ♦'le- 
nient, hyiM)thetically  calle<l  Murium,  has  not  yet  l>een  i.s<jlate<l,  hut  the 
learned  professors  are  carrying  out  the  imjM>rtant  investigation  with 
all  diligence,  so  that  douhtless  within  the  course-  of  a  few  week>  wc 
shall  hejir  more  of  the  new  element,  Murium.  That  chlorine  is  an 
o.xygen  compound  is  not  altogether  a  new  idea.  Sir  Humphrey  Davy, 
after  his  celehrated  discoveries  of  the  <-»»m|K»und  nature  of  nnla  and 
()4>ta.ssa,  surmisenl  that  <hlorine,  icnline  and  hromine  were  likewise  oxy- 
gen compounds. 


THE   SUPPOSED   COMPOUND   NATURIO   oF   TlIK    KLK- 

MENTS. 


liyd.  N()U.M.\.\  ].,«)4KVKi:,  1".  K.  S. 


Contiiuiing  my  researcluis  into  the  nature  of"  the  >o-<":dle<l  element>. 
I  have  found  that  when  carefully  distille<l  metallic  sexlium  w:L«i  con- 
densed in  a  capillary  tulx;,  placeil  in  a  retort  and  heateil  in  a  Spn-ngel 
vacuum,  it  gave  off  twenty  times  its  volume  of  hydn)gen.  Phosphoru>, 
("aref"ully  dri»'<l  and  suhmittenl  tothesime  tn-atment,  g-aveotl'Td  volume^ 
of  a  gjis  which  aiJiH-ari-^l  to  consi>t  chiefly  of  hydrogen.  Although  it 
gave  some  of  the  lines  of  phosphorib;,  it  wa.>«  not  PH,,  X'*  it  hail  no 
action  on  solution  of  cupricsidphate.  .V  sjHHimen  of  magnesium,  <-are- 
fully  purifietl  hy  Messrs.  Johnson  and  Matthey,  g:ivi'  nu' a  magnifi«vnt 
series  of  colore<l  phenomena.  The  hyiirogen  lines  first  apix-annl,  then 
the  D  line — not  the  sodium  line,  be  it  understexKl,  for  the  gnrn  line 
was  absent — and,  hu'^tly,  the  grtn'n  line  of  magnesium  (/>),  and  then.  a.~ 
the  tem{>eniture  wiis  increiu^ed,  mixtun-s  ot"  all  tin's*'  lines,  with  the  blue 
line,  the  D  line  being  always  the  mo>t  brilliant.      In    this  ex}HTiment 
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only  two  volumes  of  hydrogen  were  collected.  From  gallium  and 
arsenic  no  gas  of  any  kind  was  obtained.  From  sulphur  and  some  of 
its  compounds  sulphurous  anhydride  was  always  obtixined.  From 
indium  hydrogen  was  given  oif  in  vacuo  before  heating,  while  from 
lithium  no  less  than  100  volumes  of  hydrogen  were  given  off.  The 
conditions  of  the  experiments  were  always  the  same,  the  only  variable 
being  the  substance  itself. — Proceedings  of  British  Association. 


PHOSPHORECENT  PHOTOGRAPHS. 


To  Mr.  Woodbury's  inventive  ingenuity  we  owe  this  plan,  which 
has  been  tested,  and  is  a  practical  success.  The  method  he  employs  is 
known  as  the  "dusting-on"  process.  It  consists  in  coating  a  plate 
with  a  preparation  of  dextrine,  honey  and  bichromate  of  ammonia, 
which,  exposed  under  a  negative,  becomes  hardened,  where  it  is  sub- 
jected to  the  action  of  light,  through  the  transparent  parts  of  the  neg- 
ative, remaining  tacky  where  it  is  protected  from  the  action  of  light 
by  the  denser  parts  of  the  negative.  After  exposure  under  a  negative, 
the  film,  as  it  will  be  seen,  is  tacky  in  the  lights  of  the  picture,  but 
hard  and  dry  where  light  has  acted  on  the  shadows.  The  lights  are 
therefore  adhesive  and  tacky,  retaining  any  fine  powder  which  is  dusted 
in  or  rubbed  into  the  moist  surface.  At  this  point  comes  in  the  essen- 
tial novelty.  The  powder  to  be  used  must  be  a  phosphorescent  sub- 
•stance.  One  of  the  best  known  and  available  is  sulphide  of  calcium. 
A  })owder  of  this  substance  is  a})plied  to  the  image  formed  on  the 
adhesive  film,  and  sticks  to  it  in  due  gradation  of  the  tackiness,  as 
regulated  by  the  action  of  the  light  which  passed  through  the  nega- 
tive. An  image  of  sulphide  of  calcium  is  thus  formed,  which,  the 
powder  being  nearly  white,  is  scarcely  visible  by  daylight,  but  if  the 
image  be  submitted  for  a  time  to  sunlight,  or  bright  daylight,  or 
brilliant  artificial  light,  and  then  taken  into  the  dark,  presents  a  lumi- 
nous picture,  somewhat  startling,  indeed,  in  the  case  of  a  portrait.  A 
variety  of  substances  possess  this  phosphorescent  quality :  sulphides  of 
barium,  calcium  and  strontium  displaying  it  in  the  most  marked 
degree ;  fluorspar,  carbonate  of  lime,  pearls,  diamonds,  phosphate  of 
Jime  and  arseniate  of  lime. — Telegraphic  Journal. 
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Vibratory   Forms   of   Circular    Plates. — ^'.   Dwlianuf    ha^ 

«'Xt<iHl<'<l  tlir  iii\  <--ti^;Uii)M  nt  ii<h|;iI  -v-t<  hi-,  :in<i  drawn  s<»iiie  iutert'st- 
in«^  roinparisoiis  with  tin-  carli^T  n-x-arclics  of  ('liladiii,  who  in<li<-;it(.'<l 
three  systoiDs  ut"  iKnlal  lino:  the  diaiiu'tral,  tin-  <<uic»ntri<'  ami  tln' 
<-<>tiijM)iiii(l.  He  sul)>titutc:<  a  tliiii  lay<r  of  \vat«T  or  soiiu-  .similar 
li<jiiitl  tor  tlic  siukI  whirli  (liladiii  ciiiployt'*!,  and  find.s  many  int^n-st- 
ing  relation.s  among  the  j)erij)li(nil  an<I  e<*<i'ntric  network.s,  the  numl)er 
of  tionor(»ii.s  vil)nitions,  the  hrejulths  of  tin-  striie,  the  area.s  of  tlie  inter- 
nodal  s(H'tors,  and  the  numlKTs  of  ninlai  <livi.sion.s.  By  means  of  th<">4' 
«^luation.s  it  iKN-omew  easy  to  estimate  the  wave  lengths  of  ditfmnt 
Hounds. — AiDi.  (I.  I'lii^M.  rmil  C hrm.  C. 

Improvements  in  Calculating  Machines.— Staflll  ha.s  invente<l 

an  aiitlinictical  niacliinr  in  wliidi  tlini'  cylinders  an*  so  arranj.n-*!  that 
they  can  work  all  the  .sini|>ler  rules  of  aritiunetic",  carrying  nuilti|»li«-a- 
tion  up  to  millions  by  millions  ;  if  the  machine  is  riHinireiJ  to  solve  an 
impossible  sum,  su<'h  jls  subtnicting  a  larger  number  from  a  smaller, 
or  dividing  a  smaller  sum  l>y  a  greater,  it  refuses,  and  rings  a  Ull  ;t- 
an  admonition.  ( 'olmar  invented  an  arithmometer  in  which  the  action 
is  rather  l»y  plat**s  sli<ling  in  gnnives  than  l»v  rotating  cy I i ndei>  ;  like 
^tatfl'l's  it  C.IM  perform  addition  subtraction,  nudtiplication,  divi>ion 
and  evohition.  \\  ertheimer,  bv  im'ans  of  a  metal  plate  with  indexes, 
notehes,  teeth  and  hole.-,  ha.-  contrive«l  an  ajiparatu-  for  adding  antl 
subtnicting  stuns  of  m<»ney.  Haranowski's  invention  is  tor  c:jlctilating 
wages,  pri<-<'s,  interest  and  other  sums  of  money  ;  it  is  known  as  the 
Rea«ly  Ke<'koner,  and  is  workwl  by  mean.s  of  a  handle  which  revialx 
figures  or  numerals  in  o|H'nings  in  a  brass  plate.  S'hott,  I.jdanne, 
Roget,  Maurel,  Kotli,  Slovinsks  and  S'heutz  have  in  like  manner 
invented  machines  for  ."Solving  aritlnnetical  problems.  ( >f  thi-s*', 
8('heut.z'.s  exeitOH  great  admiration  among  .seientitie  men  ;  Mr.  Riblwge 
highly  extolle<l  it,  and  deplore<l  that  it  had  fouml  a  purihas4T  in 
Ameriai  instead  ot"  in  Kngland.  It  <-ui  i-ompute  mathematii-al  tabh-. 
calculate  to  sixteen  places  of  figures,  and  stamp  on  a  plate  of  lead  the 
rt'sult  up  to  eight  places,  ])ro<lucing  a  matrix  or  mouhl  fn»m  whi<h  a 
i'liche  cast  in  iy\ni  metal  <":in  Ik-  obtaiiuxl,  suitable  for  j>rinting  t'n»m  : 
it  den's  its  work  at  the  nite  of  twenty-five  figures  ()r  niunerals  |»«r 
minute,  calculatetl,  reconleil  and  st;uu{KHl  in  metal — an  error  either  in 
the  calculating  or  tlu'  |)rinting  being  almost  im|)ossibK'. 
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Non-explosive  Collodion. — Di&solve  in  alcohol  and  ether  pure,, 
well-washed  gun-cotton ;  hltei-  thoroughly  and  distil  off  the  ether  and 
alcohol  until  the  thick  residuum  can  be  cast,  while  still  warm,  into 
moulds.  After  cooling,  cut  the  gelatinous  mass  into  bits,  and  dry  them 
l)y  evaporating  the  remaining  alcohol.  Dissolve  again  in  alcohol  and 
ether  and  the  collodion  will  be  neither  explosive  nor  subject  to  spon- 
taneous combustion. —  CJiem.  Inch        .  C. 

The  Mineral  Wealth  of  Great  Britain. — The  mineral  wealth 
(tf  Great  Britain  is  sho'wii  by  the  fact,  as  olticially  stated,  that  the  pro- 
duct of  coal  was,  in  1877,  1-34,610,763  tons,  as  against  133,344,766 
tons  in  1876;  of  iron  ore  the  product  was  16,692,802  tons,  against 
16,841,583  the  previous  year;  lead  ore,  80,850  tons  against  79,095  in 
1876;  tin  ore,  14,142  tons,  against  13,688  in  the  year  before;  copper 
ore  73,041  tons,  against  79,252  in  1876,  and  salt,  2,735,000  tons.  The 
total  value  of  minerals  and  metals  obtained  from  the  mines,  etc.,  of  the 
United  Kingdom  in  1877  reached  £68,281,405,  viz.:  £18,742,960,  the 
value  of  the  metids ;  £47,113,767,  coal,  and  £2,424,679,  minerals, 
earthy,  not  reduced,  together  with  the  value  of  salt,  clays,  etc.  But 
the  great  item  in  these  returns  is  the  vast  quantity — 6,608,664  tons — 
of  pig  iron,  of  the  value  of  more  than  $80,000,000,  and  it  is  estimated 
that  in  the  manufacture  of  this  metal  between  15,000,000  and  16,000,- 
000  tons  of  coal  were  used. 

Molecular  Constitution  of  Liquids. — R.  Pictet  has  shown  that 
in  solid  l)odies  there  is  a  simple  rehition  between  their  atomic  weight, 
their  length  of  calorific  scintillation,  and  their  temperature  of  fusion. 
This  relation  is  a  consequence  of  the  universality  of  the  laws  of  attrac- 
tion, and  of  the  most  simple  representation  of  the  temperature^ 
regarded  as  the  amplitude  of  the  calorific  oscillations.  On  passing 
from  the  solid  to  the  liquid  state,  each  solid  molecule  should  contain 
at  least  two  li([uid  molecules.  Since  the  molecular  cohesion  of  ^11 
bodies  is  equal  at  the  melting  point,  on  departing  from  that  point  the 
lengths  of  calorific  oscillation  should  be  functions  of  molecular  masses 
for  equivalent  aberrations  of  temperature.  If  we  compare  all  liquids 
at  their  boiling  points  we  should  be  able  to  deduce  the  same  numerical 
formula  as  for  solids.  Pictet  confirms  these  views  by  a  comparison  of 
theoretical  and  observed  results  in  twenty-three  solids  and  sixteen 
liquids. — Comptes  Rendus.  C. 
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Number  of  Oscillations  in  a  Musical  Note— l'faini«ll»r  •-..n- 

<'lii(|t<|,  IVoiii  ol)>»'rv:iti<<ii-  with  a  -Inii,  tli;it  tu(t  ox-IIhitioiis  v,vrv  -utfi- 
cient  U)  pnxliK'c  ii  not*-.  I'\'li\  AiktIhicIi,  t"r«»m  :i  (-(tTiihiiiation  of  phy- 
hi«)l<t<^ic:il,  psvcliolujric-.il,  pliy-icjil  :iihI  iim.-ic:il  r«trisi<Irr:itions,  fiml-  tli:it 
j)rol);il)|y  alxdit  twoiitv  nx-illations  an-  ti«'<-«->sirv.  His  virws  an*  «-«»ii- 
HrtiH-d  \>y  previous  ohst-rvation.-.  of  Kxiht,  \'<tii  Kri<->  and  'r<M'pNT, — 
jiiiii.  ifrr  I'hijM.  iiiitl  ('lirm.  C 

Large  Map  of  the  Solar  Spectrum. — M.  Tliollon  li:t<  ••xhihitcHl 
t<»  the  I'niK'li  Acailriiiy  a  iiia|)  ot"  the  visihl*-  [Mirtion  <»f  the  Htlar  sihi-- 
triirn,  carefully  exe<-iite<l  in  Italy,  with  the  lielp  of  his  hirp*  s|K-<tro- 
H-o|K'.  It  is  H)  iiiotrej<  (.*J2'H(>9  ft.)  h>njr,  exteruliii^  from  .A  to  H,  ami 
exhil)itiii<;  ahout  4(K)()  lim-s.  Aiip^trom's  map  eontaine*!  UKHJ  liii»>, 
and  wiL*^  .'>  metres  lonj^.  He  e:ills  sjMK'ial  attenti<»n  to  the  sinj^ular 
resonihlunce  In'tween  the  groups  A  and  H,  which  never  U-fort'  have 
Ix'en  so  eom|)let<'lv  resolve<l,  ami  pn»|M»Hrs  the  foljowinjx  elit^siticAtion 
of  lines:  1.  Lines  formiHl  hv  a  nehidositv  without  nucleus.  2.  Lines 
<-on.sisting  of  a  nucleus  witlutut  ap|>arent  nebulosity,  'i.  Lin«-s  havinj; 
l»oth  nucleus  and  nebulosity,  the  latter  pre<lominatinj;.  4.  Lines  hav- 
ing nucleus  and  nebulosity,  the  former  pR-iiominatin^.  He  gives  a 
descripti<»n  of  his  a|»paratus,  and  states  that  the  oidy  pre<-:iution  ne<"e>- 
Nirv  in  MsiiiL:  it  is  to  jx'iard  the  prisms  ("irefuliv  fmm  anv  variation  of" 
temjM'rature. —  ('(unjitis  Jinohts,  ('. 

Mechanical  Operation  of  Sound-Waves. — K.  II.  sheilUuh 
and  L.  I:..  PxhIim  have  txptrimnited  with  waves  of  sitund,  in  illu>tr.i- 
tioii  of  the  wave  theory  of  li^ht.  ( 'oiuie<'ting  two  liOyden  jars  with 
the  condu(!tors  of  a  Holt/.  electric:d  machine,  s<t  :us  to  pnxluce  sp:irks 
of  1  (vntimetre  {''W)  in.)  Ix'tween  the  balls  of  the  <lis<'hari;er,  con<i'ntri<' 
rings  were  forme<i  in  coal-<hHt  sprinkle<l  on  a  i;1:lss  plate  I  centirnetro 
( 1*57  in.)  from  the  biills.  Thr  loii^rer  the  spark  the  more  .stnui^^Iy 
marke<l  were  the  riui^s.  Hv  retle<-iir>i;  the  rejM>rts  of  the  dis<-harir»>>, 
hy  means  of  pandlel  walls  and  mirmrs  of  vari<»us  kinds,  the  dust- 
waves  wen'  m*Ie  to  itssunie  su<'h  forms  as  an*  theon'timlly  de<Iucible 
from  the  rert<'ction  an«l  refniction  of  liirlit,  thus  visibly  eontirmini;  the 
views  of  Huyghens  and  Young.  That  the  n-sults  an*  not  miNJitietl  in 
any  way  by  mere  ele<'tric:il  action  n\u  U^  n*a<lily  shown  by  sul>stitJitini; 
explosive  gits  or  |M)wder  for  tlu-  sjKirks.  Fmru  ten  to  twenty  sp:irks 
or  explosions  were  }j:ener:illy  sut!icient  to  show  tin-  chanuter  «»f  the 
wavis  and  of  their  ninlal  intellect  ions.  Anu.  <l.  P/n/s.  im<l  Citnn,  (.'. 
Whole  No.  Vol..  (A'lII.—  TiiiKK  SrRity,  \\i|.  Ixxviii.  i'» 
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Proportion  of  Carbonic  Acid  in  the  Air. — The  chemical  text- 
books, ahnost  witlioiit  exception,  liaiul  down  tlie  classical  and  quasi- 
otticial  a.ssertion,  that  the  atmospheric  air  contains  a  small  <piantity  o 
carbonic  acid,  varying  usually  between  4  and  6  ten-thousandths  in 
volume.  On  examining;  the  reports  of  the  most  careful  experimenter 
we  tind  nothing  to  justify  this  narrow  limitation ;  under  the  same 
meteorological  conditions,  at  intervals  of  a  few  hours,  the  figures  are 
often  doubled.  J.  Reiset  has  experimented  in  open  fields,  far  from 
any  dwellings,  with  aspiratoi*s  containing  about  600  litres  (158"51 
gal.),  and  with  ingenious  jjrec^autions  for  securing  the  utmost  })ossible 
accau'acv  of  results.  He  never  fountl  so  large  a  proportion  of  carbonic 
acid  ;us  4  ten-thousandths.  The  range,  in  his  summary,  is  between 
2*8!2i>  and  o'178,  and  the  mean  2*942  ten-thousandths.  In  tiie  rue  de 
Vigny,  near  the  Pare  Monceau,  Paris,  during  the  month  of  May,  the 
mean  of  three  yeare'  observations  was  3'027  ten-thousandths.  The 
extreme  variations  did  not  exceed  '00003.  In  order  to  study  the  rela- 
tions between  these  variations  and  the  states  of  the  atmosphere  it 
would  be  necessary  to  use  methods  which  would  give  results  true  to 
ten-millioiiths. —  ('o)iipfefi  liciuhu^.  C. 


Franklin    Institute, 


Hall  of  the  Institute,  Oct.  loth,  1879. 

The  stated  meeting  was  called  to  order  at  8  o'clock  I'.  M.,  the 
President,  Mr.  AVilliam  P.  Tatham,  in  the  chair. 

There  were  present  125  members  and  53  visitoi*s. 

The  mimites  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  miiuites  of  the  Board  of  Managers,  and 
announced  that,  at  the  la.st  meeting,  six  persons  were  elected  members 
of  the  Institute,  and  reportetl  the  following  preamble  and  resolutions 
passed  by  the  Board. 

Whereas,  We  have  learned  with  deep  regret  the  death  of  our 
fellow  member  and  Vice-President  of  the  Franklin  Institute,  Mr. 
Charles  S.  Close,  therefore 

Resolved,  That  by  this  event  our  Institute  has  lost  an  earnest  and 
jnost  efficient  officer,  and  the  community  a  most  valuable  citizen. 
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UeHolvrd,  That  we  offer  «»iir  condulciicc'  to  his  bereiivwl  family,  and 
will  attond  his  funeral  at  the  a|)|M»iMte<l  hour. 

/^'.so/m/,  That  the.-^  jircM-eediu^rs  lie  entered  nti  our  niinut*?^  and  Ini 
{)ul)lishe<l. 

The  Seeretarv  reported  the  following  donations  to  the  Lihrary  : 

S-eoiid,  Fourth,  Ninth  to  Sixteenth,  Twentieth  to  T\venty-<ij;hth 
Annual   lKe|»«trts  of  the  Spring' (lanlen  Institute,  Philada. 

From  the  Institute. 

Reports  of  tlie  J'rinei|Ril  and  Professoi-s  of  the  IinjMTial  ('••Hep-  of 
P^njrineerinj^.     Tokei,  .Japan.         From  the  Smithsonian  In-titution. 

Reports  upon  the  Survey  of  the  Boundary  iM-tween  the  territ<»ry  of 
the  T'nit<'d  States  and  the  j)ossessions  <»f  (ireat  liritain.  with  one  Atlas. 

From  the  Secretary  of  State,  Wa.-hint:ton. 

Report  n|»on  tli<'  V.  S.  (ieo^ra|)hi<-al  Surveys  west  of  the  l<K>th 
meridian.      \'ol.  .">.      I'otany. 

From  the(.'hiefof  Kn^ineers,  \Vjtshin^rt(,n. 

Transjietions  of  the  Institution  of  Civil  En»;ine<'rs  of  Ireland.  Vol.-. 
1 — *)  jiikI  \'o1  11,  in  1.*.  parts.  From  the  In-titution. 

Fii-st  liieimlMJ  Report  of  the  State  lioard  of  A<;rieidture  for  1S77-M. 

From  A.  (iray,  Secretary. 

Annual  Reports  of  the  State  Hoard  of  Health  of  the  Stat»- of  Michi- 
gan.    For  1«71  — 1S7S. 

I>ecture  on  Healthy  Homes  for  Farmers.      \\\   K.('.  l\td/ie.  M.  1  >. 

From  the  State  Roanl  <»!    Health. 

Report  on  Life-Sjivinjr  Apparatus.    Fntm  the  Chief  of  (>rdnan«v. 

Annual  Report  of  the  Se-cretary  of  Internal  .Affairs  of  the  Common- 
wealth -.f  Peimsylvania.      Fart    r.      From  A.  11.  I )unkel,  Secretary. 

The  Comp<'ndium  of  Arehit.ctnnd  Sheet-.Metal  Work,  Salem,  Ohio. 
1H7(>.  From  Dr.  W.  H.  Wahl. 

Documents  relatiui;  to  the  Hi.-tory  of  the  Dutch  an«l  Sw«'<lish  Set- 
tlements on  the  Delaware  River.      Hy  H.  Fenu»v.-.      Vol  iL*.    .VlUmy. 

Fightv-eitrhth  Annual  Report  of  the  Rcirents  of  the  I'niversity  of 
New  York. 

Sixtv-first  Ammal  Report  <tf  the  Trusti-es  of  the  New  York  State 
Lilirarv. 

Thirtieth  Ammal  ive|»ort  on  the  New  York  State  .Mus<'un>  of  Natu- 
ral Historv.      Ry  tiie  Regents  of  th«'  I'niversity  of  New  York. 

Principle  of  Ix^ast  Action  in  Nature.      Hy  Sumiel  Houghton, 

Prt>4rr.iinm  der  RolvtechniM'hen  Shule  zu  Carlsruhe. 
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A  Series  of  Familiar  Lectures  on  the  Elements  of  Scientific  Knowl- 
edge most  required  in  Daily  I^ife.  By  Thos.  Twining.  Parts  5  and  <>. 
Ivondon.  From  the  Smithsonian  Institution. 

Proceedrngs  of  the  Twenty-seventh  Annual  Meeting  of  the  Board 
of  Supervising  Inspectors  of  Steam  Vessels.  From  the  Board. 

Twenty-seventh  Annual  Report  of  the  Trustees  of  the  Pul)li<' 
Library,  Boston.  From  the  Library. 

Steam  Engine.     By  W.  Coute.     Troy,  New  York. 

From  the  Autlior. 

Examination  of  the  North  Carolina  I  ranium  Minerals.  By  F.  A. 
Genth.  From  the  Author. 

Fifty-eighth  Annual  Report  of  the  Board  of  Direction  of  the  Mer- 
cantile Library  Association  of  New  York.        From  the  Association. 

Obituary  Notice  of  Isaac  Hays,  M.  1).  By  S.  D.  Gro-ss,  M.  1). 
Philadelphia. 

Fourth  Rejiort  of  tiie  Board  of  Trustees  of  Public  S{rhools  of  the 
District  of  Columbia.  From  the  Board, 

Recent  Accessions  to,  and  Annual  Report  of,  the  Astor  Library.. 

Fr<»m  the  Library. 

Annual  Rei)ort  upon  Exj)lorations  and  Surveys  in  the  Department 
of  the  Missouri.     ]5y  E.  II.  Rutfher. 

From  the  Ciiief  of  Engineers,  Washington. 

Distril)ution  of  Heat  in  the  Spectra  of  various  sources  of  Radiation. 
I>v  W.  W.  .Jactjucs.  From  the  Authoi'. 

Report  of  the  Select  Standing  Committee  on  Immigration  and  Colo- 
nization.    Ottawa,  Canada. 

Beitrage  zur  Bcleuchtung  der  Allgemcinen  Verhaltnissc  der  Oest^'r- 
reichischen  Eisenbahnen.      \\  ien.     From  M.  Ritter  von  Pischof, 

Eighth  to  Tenth  Annual  Reports  of  the  Geologictd  Survev  of  Indi- 
ana, made  during  1876—1878.     By  E.  T.  Cox. 

From  John  Collett,  Chief  of  Bureau  of  Statistics  and  Geology. 

Lessons  in  Cookery.     By  E.  A.  Youmans.       From  M.  L.  Dods. 

Reports  upon  the  Specimens  obtained  from  Borings  made  in  1874, 
Ijetween  the  Mississippi  River  and  Lake  Borgne. 

On  the  Use  of  the  Barometer  on  Survey??  and  Reconnoissances. 

From  the  Chief  of  Engineers. 

State  of  Labor  in  Europe.  Reports  from  the  U.  S.  Consuls  in  the 
several  Countries  of  p]uro})e  on  Rates  of  Wages. 

From  the  Secretary  of  State,  Washington. 
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Fifty -scvt'iitli  uikI    I'it'ty-iiiiitli  Aimuiil    Iu|)"»rt.->  of  the  Mana^c.'ns  <>f 
the  Appreiitir*'?;'  Lihrarv  (.'oriipuuy  of  Philadelphia. 

IVoiii  tlic  CojupaJiy. 

lli.slorituil  Ueford.-  of  P(;rt   I'liillip.      P>y  .1.  .1.  Shillinjrlaw. 

From  \\  .  11.  (  )(lirers,  Mellx)iirn«',  Victoria. 

liullctiij   of  ("nited   Stat(i>-  ( rt'ologi<-al   and  ( Jco^niphicjil   Survey  of 
tlu-  Territories.      Vol.  o,  No.  1. 

Frntii  the  Secretary  of  I  K-partineiit  of  the  Interior. 

( feolot^i(uil  Survey  of  C'anada.  Mtso/oic  Fo.>NsiU.  \'ol.  1.  Hv  .1. 
P.  W'hitcavcs.      ^[ont^'al. 

I'l'oiii  the  (ieolo{;ical  Survcv  of  Canada. 

Met<'orie  Fireballs  .hm-u  in  the  Inite*!  States  thiriiij^  the  vear  eiulinjr 
Man'h  'M,  1.S7!».      liy  Prof.  l)aniel  Kirkwood.      From  the  .Vuthor. 

I'^itth  Annual  <  ataloi.rue  ot' (  Vntral  I'niversitv,  Richmond,  Kv. 

From  Prot".  T.  W  .   Tohin. 

Ixeport  to  lii>  Kxecllcnev  the  ( Jovernor,  ot"  the  Thirtv-seventh  Mi.s- 
-<ouri  ( "atalo^ur.  From  the  Pniversitv. 

.Vinials  of  the  .V.<tronomical  ( )l>~ervatorv  of  Harvard  ('ollej;e.  Vol. 
]|,  l*art  1.      liy  F.  C.  l*ic|<erin<:.  Fr..m  the(\)llcge. 

( 'omnii.s.sioner~  of  l*atent.- .lournal.      .lulv,  1  and   I. 

Aliridj^ment-  relatin<r  to  Lace-Ma  kin*::,  Knittin«;,  et«-.      Loudon. 
"  *'  ('uttin^,   l*^»lllin;^^  etc..  Papei-. 

''  '*  .\;;riculture.      Division!'. 

"  "  Letterpress  and  similar  Printiui:.   " 

"  *'  I'rintinir. 

Pniwiii^r,  N„.  2740  of  1878. 

Speciti.-.itions  N(»s.  .'{OoO,  ;j()oL  :'.o"jl'  i.f  1807  ;  No.  o«j;;;{  ..f  1828  ; 
.\<..  12,4;U)  of  184}>  ;  No.  2S>!>rj  of  18()(»:  No.  1U82  and  21  18  ..f  18tJ4  ; 
No.  2(120  (.f  18G7  :  No.  2784  of  187tj. 

Disclaimers  No.  :i*<')*  of  187(J:  No.  ;J2.j(;  of  ls77  :  an.l  .\o.  995* 
ot  1878. 

Suhjeci-.Matter  Index  ot"  Patents  .\pplie<|  for  and  Patent.*  (JnmtMl. 
London. 

Al|thal)eticnl  Index  c.f  Patentee>  ami  .V jtplieaut.-  tor  Pat«-tit^  of 
Invention.      London. 

S|Kcifieations  and  Dra\\iu<:>.      \'ols.  22,  20 — ."18,      Loutlon. 
Frouj  the  Commissioner-  of  Patent-,  throu^xh  Mr.  l''red'k  I\  lu-oiue. 

-Mr.  IL  P.  .M.  Hirkinhini-  read  a  pajHr  on  the  *'  Future  WatiT 
Supply  ot'  PJiiladelphia."  and  some  remarks  wen*  made  on  the  suhjtvt 
1)N   Mr.   riioujas  Shaw. 
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Mr.  Jiuvood  Lukeiif^  read  a  paper  on  an  ''  Improved  Pnddling  and 
Heating  Fnrnace,"  of  which  lie  is  the  inventor,  and  diagrams  of  it 
were  tlirown  upon  the  screen. 

Mr.  Bilgram  explained  the  Improved  Wire  Sewing  Machine  for 
hooks,  illuminated  diagrams  being  used ;  and  a  machine  in  operation 
was  al.so  shown,  Mr.  Lever  giving  a  number  of  practical  details,  and 
exhibiting  samples  of  the  work. 

The  Secretiiry's  report  included  new  forms  of  Meaker's  automatic 
(%)ii\  ciLshiers  and  money  trays,  rubber  scrubbing  brashes,  and  patent 
shawl  stra{)s.  A  number  of  beautiful  photograjihs  were  exhibited,  of 
Krupp's  great  estiiblishment  at  Easen,  and  of  the  guns  he  has  manu- 
factured at  different  times,  the  gift  of  Mr.  A.  G.  Buzby  to  the  Institute. 

Mr.  Robert  Briggs  read  the  following  memorial  of  our  late  Vice- 
President,  Mr.  C'liAKi.Es  S.  Close,  which,  on  motion  of  Mr.  Weaver^ 
wa>*  ordered  to  be  ]>rinted  in  our  minutes. 

Chaki.es  S.  Close  was  Imrn  in  the  old  city  of  Philadelphia,  on  the 
20th  of  A})ril,  1817.  His  father,  a  seafaring  man,  was  mate  of  a 
vessel  at  the  time  of  his  death,  in  1827,  when  the  mother  was  left 
with  little  means  of  suj)port  for  herself  and  family  of  four  small 
children,  of  whom  Charles,  the  subject  of  this  memoir,  was  the  eldest. 
A  common  school  education  of  no  high  order  at  that  time  in  the  city 
of  Philadelphia,  which  terminated  at  the  age  of  ten  years,  when  his 
father  died,  wius  all  the  education  which  the  future  master  builder 
and  member  of  the  I5oard  of  City  Surveys  received  for  his  commence- 
ment in  life. 

For  three  or  more  years  he  had  employment  in  various  ways,  one  of 
which  was  as  an  errand  boy  in  a  printing  office,  where  he  mastered  the 
art  of  working  the  hand  presses  and  became  proficient  as  a  ball  boy. 
At  the  Exhibition  of  the  Franklin  Institute  in  1874,  as  an  indi- 
cation of  the  progress  of  the  art  of  ])rinting,  some  presses  of  forty  years 
before  were  shown.  They  were  operated  with  much  eclat  by  the  vene- 
rable Mr.  Hector  Orr  and  Mr.  Close  after  the  method  of  their  time. 
Mr.  Orr  was  foreman  in  the  jirinting  office  of  Charles  Alexander,, 
where  the  boy  Close  was  emj)loyed. 

About  1834  he  was  apprenticed  to  learn  the  tnwlc  of  a  house  car- 
penter to  a  Mr.  John  Countiss  of  the  city  of  Philadelphiii.  At  the 
end  of  three  or  more  years  the  indentures  were  cancelled  by  agreement,, 
for  reasons  entirely  creditable  to  the  young  man.  While  under  the 
pupilage  of  Mr.  Countiss,  however,  young  Close  became  an  excellent 
\V(jrkman,  so  that  before  he  was  twenty  years  of  age  ke  received  the 
Jiighest  wages  paid  journeymen. 
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He  lijus  Ikom  known  to  .s;iy  that  when  lu-  left  .m-Iioo|  Ik-  roiiM  only 
(Jo  a  sum  in  lont;  division,  \mi  lie  had  an  early  h>vc  for  lMM»ks  and 
studious  hahits,  and  he  Ixiu^dit  all  liccoiild  and  studic<l  KM-fluc:!!*' hini- 
solt"  in  tin'  j»ra<tir;d  way  Jt^  a  huildcr  an<l  const  met*  »r.  .Sonit-  t*ri('n<l  in 
the  .s(^farin<;  line  intcrestwl  him  in  nauti(-al  matters  and  )r:^\\^  him 
.some  instruction  in  elementary  navii^ation.  With  an  excellent  consti- 
tution, ]>erfectlv  al)stemi(»us  hahits,  a  (jiiick  wit  whi<-h  ;;:ive  expression 
to  a  heartv  cnjovmcnt  of  everv  thin^  |>ro|K'rly  enj<»yahle,  and  with 
as|)irati(»ns  to  learn  and  a  will  to  j)erfortn,  he  w:u^,  in  his  vdunir  days,  a 
com|>anion  for  any  around  him,  and  a  leader  of  men. 

Durinjr  his  minority  his  small  earning  and  s:ivin^  were  al>sorlH.'<l 
hv  the  wants  of  the  family,  so  that  his  acfjuisition  »»f  knowUnlge,  which 
formed  th<'  f(»undation  of  his  future  success,  w:ls  made  im(h-r  many 
ditliculties.  To  the  end  <»("  her  life  he  was  an  atUM-tionate  son  ami  the 
chief  reliance  and  suj)|>(»rt  of"  his  mother,  wh<tse  efforts  and  sacriticis  in 
his  hehalf  in  tiie  time  of  his  youth  he  often  readied. 

-Vhout  18.39  or  1840  Mr.  Cia)8E  went  to  Mobile  to  find  em|»l<»y- 
mc.'ut  ;ls  a  carpenter,  hut  his  stay  was  very  hrief.  Fortunat<'ly  or 
unfortunately  he  aci-eded  to  the  re<(uest  of  a  bright  nejjro  to  shdw  him 
the  letters  of  the  alphabet,  which  he  did  publicly,  but  yet  with  the  th«>M 
inevitable  r(«idt,  that  it  w;ls  desirable  lor  the  teacher  to  return  to  the 
North  with  some  |>romptness.  The  return  voyjij^e  to  IJoston  broui^ht. 
out  a  curious  iustanc<'  (»f  the  advanta<i;e  of  i;eneral  information. 

The  captain  of  the  bark  Coosa  be<*ame  insme  <tn  the  pa>vsa;;i' ;  the 
mate  proved  utterlv  incompetent  ;ls  a  navij^ator,  and  the  crew,  with 
the  two  or  three  pa.ss«.' niters,  electiHl  Mr.  Closk  capt;iin,  ;ls  tin-  oidy  (»ne 
a<'quaint<Hi  at  all  with  navi>;ation  and  knowing  how  to  handle  the 
vessel,  (apt.  ('i,<)sk  brought  the  ves.s<'l  safely  to  I^)ston  hnrlM»r  [on  a 
winter  run].  Shortly  after  this  time  Mr.  ('losk  went  to  Hra/.il  with 
intention  ot "settlinLr.  but  although  his  jtnoiMH-ts  were  very  bright,  «x>n- 
tiiuied  illness  induci-d  him  to  return  to  Philadelphia. 

About  lS4.'i  he  Inxsune  estublishe<l  as  a  ("irpent<'r  and  builder  in  tin' 
<listrict  of  Southwark,  and  in  that  year  he  comj)lete<l  his  first  ("ontract. 
Business  grew  rapidly  upon  him,  and  although  he  never  t«M»k  large 
contracts,  he  (piickly  had  a  reuMiueniting  business  in  it.s  way. 

In  184!),  May  4th,  he  wa>  elc<te«l  Surveyor  and  Kegulator  for  the 
district  of  Smthwark.  At  this  time  he  had  never  made  a  >urvev,  n«»r 
is  it  probable  he  had  ever  useil,  nuich  less  owne<l,  an  instrmnt'iit — level, 
surveyor's  com pjLss  or  transit.  His  fitni>ss.to  accompli>h  anvthing  he 
could  be  induccii  t<t  undertake  was  thus  gencr.illv  admittol,  and  there 
weresonu'  special  reasons  why  his  fellow  citi/.ens  thought  it  th-^inible  he 
shoidd  take  thi>  unsought-for  |)lace.  \\  ith  one  interval  of  fivt>  veai-s. 
when  sonu-  politi<"al  causes  etli-ctetl  a  change,  Mr.  Ciaisk  h:us  Ihhu 
elect^xl  anil  has  held  the  oflice  of  Surveyor  and  Regulator  <»f  S»uth- 
wark,  or  the  corresjtouding  district   in  the  xiuthern   |)art  of  the  eit\  of 
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Philadelphia,  for  thirty  years.  The  surveys  and  grades  of  the  district 
when  he  commenced  were  in  great  confusion;  under  his  direction  and 
mostly  by  his  own  hand  they  have  been  completely  revised  and  estab- 
lished. There  is  now  no  question  possible  as  to  the  competency  of 
Mr.  CiX)SE  as  a  skilled  surveyor.  When  Mr.  Close  becsanie  Surveyor 
of  the  District  he  in  great  degree  gave  uj)  his  direc^t  business  jis  a  con- 
tracting builder,  and  in  course  of  a  few  yeai^s  had  a  practice,  more  or 
less  extended,  as  an  engineer  in  construction  of  several  kinds ;  in  thia 
way  he  was  very  successful  in  ])lanning  and  directing  work. 

As  a  business  man  he  has  been  eminently  pros[)erous,  and  he  became 
a  considerable  })r()perty  holder  in  the  southern  part  of  the  city.  He 
has  been  President  of  the  Seventh  National  Bank  of  this  city  the  past 
four  or  five  years. 

Mr.  Close  joined  the  Franklin  Institute  in  1855,  was  elected 
a  member  of  the  Board  of  Managei-s  in  1864,  and  has  been  Vice-Presi- 
dent of  the  Institute  since  1875. 

Mr.  Cl(XSE  freiiuently,  of  late  years,  attributed  to  the  instruction 
imparted  by  the  lectures  and  at  the  meetings  of  the  Franklin  Insti- 
tute his  acquisition  of  knowledge  which  so  elevated  him  in  his  place 
lis  a  working  man,  and  often  expressed  his  devotion  to  the  interests  of 
the  Institute,  saying  that  only  in  that  way  could  he  repay  his  indebt- 
edness. 

He  was  a  man  to  whom  life  was  thoroughly  enjoyable,  unruffled  by 
|)etty  annoyances,  above  any  suspicion  of  meanness,  intolerant  only  of 
any  pretence,  he  (uijoyed  the  respect  and  aifection  of  all  who  knew 
him.  Unassuming  him.self,  he  resented  nothing  but  assumption  by 
othei-s,  and  his  resentment  evaporated  in  the  words  with  which  he 
would  haj)pily  rebuke  any  impro[)riety.  Integrity  was  associated  with 
with  every  thing  he  did  or  allowed  to  be  done,  with  every  undertaking 
with  which  he  was  connected.  Mr.  Close  was  a  liberal  man  ;  no 
charity  or  benefi(;en(!e  failed  to  receive  his  sympathy  and  support  with 
the  large^st  liberality  in  money,  and  his  time  was  always  given  freely 
for  suc'Ti  purposes.  He  was  associated  with  all  the  chariti&s  and  publi*; 
enterprises  of  his  section  of  the  city. 

In  his  family  he  was  very  happy,  and  of  those  who  knciw  him — an 
almost  innumerable  number — all  were  warm  friends  and  associates, 
holding  his  comj)any  in  high  esteem. 

He  died  on  the  lOth  of  October,  1879,  at  his  residence  on  Ree<l 
Street,  regretted  by  all,  and  especially  by  the  members  and  officers  of 
the   Franklin   Institute,  with  whom    he  had    been  so  long  connectcMl. 

Mr.  Hector  Orr  offered   resolutions  of  regret  at  the  death  of  Mr. 
Charles  S.  Close  and  Mr.  Henry  C.  Carey. 
On  motion,  the  meeting  adjourned. 

Isaac  Norris,  M.  I).,  Secretary  pro  fem. 
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I  wisli  ill  what  lollows  to  dircrt  attention  to  a  now  tlieorv  of  rctain- 
inj;  walls,  lat«ly  |iiil>lislHMl  l»y  Prof.  W't  yniiicli,  <»f  tin-  !^tutl^irt  l*o)v- 
tcH'liniUuni,  in  llic  "  Zcitsrlnilt  fiir   iJatikiintk',"  Hand  1,  H<ft  2,  Ls78. 

Till'  .subject  of  retainin;:;  walls  is  one  of  s^weial  interest  to  the  en;;i- 
neer  and  constriKtor.  It  is  perhaps  one  of  the  most  Artile  stihjifts  of 
diseii.s.sion  whieh  eome  up  for  "  jKTi<Klie:il  .settlement"  ln-fore  engi- 
nccrinj^  swieties,  and  yet  the  snl)je<-t  iUn^s  not  .seem  ever  to  ^-t  s<-ttle«l. 
Every  engineer  knows,  or  thinks  he  knt)ws,  how  to  Ixiild  a  retaining 
wall, and  yet  nearly  every  engineer  luus  a  diderent  theory  a.s  t«»  how  the 
wall  should  he  j)rop(»rtione<l.  Perhaps  no  .suhjeet  of  applieil  engineering 
seience  has  been  so  plastereil  over  with  tlh-orv  ami  e<mnter  theorv.  and 
j)erhaj)s  it  is  not  too  inueh  to  sty  that  the  treatment  of  no  other  snhjtxt 
has  coriMHiuently  l)rouglit  up<»n  applie<l  niathematies  so  miieh  oppru- 
hrium  from  the  side  of  the  .»io-<':ilh><l  "  pra«tie:il  engineer,"  who,  disre- 
gjirdingall  the  abstrusi'  formuhe  and  learne<l  n>:u'<oning  with  whieh  the 
subjeit  hits  been  oneuml)ereil,  Hnds  that  with  the  uiil  of  eyes  aiiii  exjie- 

*  rajx»r  re.id  iK'foro  the  Ni-w  IIaviMrEn>:iiu»orin>i  S<K'ift_v.  (X-t.  25,  1878. 
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rience  he  can  build,  under  any  given  circumstances,  a  very  satisfactory 
wall  without  such  help. 

Hence  he  is  })rone  to  ask,  and  in  such  cases  not  indeed  without 
rea.son,  "  What  is  the  use  of  all  this  mathematical  rubbish,  anyhow  ?" 
and  comes  to  make  a  practical,  even  if  erroneous,  distinction  between 
"  theory  "  and  "  practice  "  and  to  look  with  distrust  upon  the  discus- 
sion of  any  case  "which  involves  the  mysterious  and  all-pervading  "  x  " 
and  "y."  That  this  is  true  with  regard  to  many  subjects  of  engineer- 
ing science  I  think  few  will  dispute.  That  it  is  especially  true  in  the 
jn-esent  case  will,  I  think,  be  ap})arent. 

Few  engineers,  however,  need  to-day  to  be  told  that  the  mathematics 
are  only  an  aid  to  the  reasoning  faculties,  enabling  one  to  follow  out 
to  })erfectly  logical  consequences  a  train  of  rea.soning  which  would 
otherwise  elude  the  grasp  of  the  best  trained  mind.  That  they  are  an 
instrument  merely,  a  means  to  an  end,  and  that  guiding  intelligence 
and  reason  must  ever  control  the  mechanism.  That  "theory"  is  thus 
only  the  best  reasoning  of  which  we  are  ca}>abk'  by  the  use  of  all  those  aids 
wliicli  human  ingenuity  has  given  us,  and  is  always  just  as  true  as  its 
data,  neither  more  nor  less.  That  "  practice  "  is,  when  worthy,  always 
l)ased  upon  such  reasoning,  and  differs,  if  at  all,  only  in  that  it  does 
not  make  use  of  such  aids  generally  or  t<i  such  an  extent,  and  is  hence, 
if  any  distinction  is  made,  rather  more  open  to  error  in  its  conclusions, 
and  not,  therefore,  always  as  true  as  its  data. 

In  the  validity  of  the  data  assumed,  lies  the  strength  of  both,  and  the 
true  rea.son  of  any  popular  distinction  between  them.  Practice  built 
up  upon  false  data  is  but  poor  theory,  and  theory  based  upon  false 
facts  leads  to  bad  j)ractice.  The  "practical"  engineer  of  to-day  is,  in 
common  parlance,  distinguished  from  the  "  theoretical,"  if  at  all,  mainly 
by  the  superior  accuracy  of  his  data,  drawn  as  they  are  from  actual 
experience,  and  by  his  therefore  superior  comprehension  of  the  prac- 
tical bearings  of  any  given  problem,  while  he  is  often  deficient  in  his 
logical  methods.  The  theoretical  engineer,  on  the  other  hand,  although 
often  possessed  of  superior  accuracy  in  his  logical  methods,  is  handi- 
capped by  the  lack  of  that  experience  necessary  for  a  proper  compre- 
hension of  the  data  essential  to  any  given  i)roblem.  Supply  the  defects 
of  each  and  the  distinction  ceases  to  exist.  Such  a  distinction  the  work 
of  our  technical  and  scientific  institutions  teiids  to  render  yearly  less 
and  less  apparent  and  valid,  and,  from  this  point  of  view,  the  presenta- 
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tion  of  a  jjroljlom,  tlie  liistorv  of  wliich  emphasizes  ven-  strongly  the 
above  remarks,  cannot  fail  to  lie  iiitcresting  and  instructive. 

1  sjiv  tlic  liistorv  of  this  prohlcm  of  the  retaining  wall  emj>ha.sizes 
well  the  ahove  distinction  hetween  the  theory  and  practiee  of  engineer- 
ing as  rej)res('nt<'d  hv  the  engineers  of  to-<lay.  For  although,  as  I 
have  sjiid,  the  mathematician  h:us  dcvotetl  si)ecial  attention  to  its  solu- 
tion, the  liistorv  of  every  such  attemj)t  shows  w^nclusively  that  the 
j)roper  <lata  have  been  disregarded,  an<l  premises  have  lK.>en  jtssumeil 
not  warranted  by  facts.  Here,  then,  is  a  lesson  for  many  of  us,  viz.: 
to  s<'rutinize  closely  our  first  assumptions  and  <lata  l>efbre  we  set  the 
mathematical  machine  at  work,  and  never  to  forget  that  every  result  it 
grinds  out  is,  after  all,  based  ujmui  an  "if".  If  we  put  in  error  we 
oiuinot  exj)ect  it  to  turn  out  truth. 

This  caution  has  not  always  been  exercistnl,  and  the  erroneous  rcsult.s 
are,  and  have  been,  taken  by  the  |>ractical  engineer  into  his  daily  work, 
and  have  of  course  been  found  not  in  acconl  with  fact.  lbiic«'  a  dis- 
trust in  some  direetions  of  all  theory  and  a  falling  back  upon  blind 
priH'eilent  and  rules  of  tliumi),  than  which  imthing  can  l»e  more  fatal 
to  all  engineering  progress.  Here,  then,  we  leiirn  a  second  k^sson,  viz. : 
to  remember  that  a  formula  holds  goiKJ  only  under  the  siiiiie  practic:il 
i'onditions  as  those  jussume*!  in  its  «leveIopment,  and  can  never  l>e  safely 
used  <'xc<'pt  by  one  who  thoroughly  appreciates  the  premisi's  ujmhi  which 
it  is  l»ased. 

Now  let  me  endejivor  to  illustrate  the  alK)ve  remarks  by  a  brief  liis- 
torv of  what  has  been  done  bv  mathematicians  u|>on  this  vext-tl  prob- 
lem of  the  retaining  wall.  Only  in  the  li»iht  of  such  a  review  c;in  we 
properlv  estimate  the  value  and  the  jMunts  of  difference  of  any  pro- 
posed new  theory.  We  shall  first,  then,  pass  in  brief  review  the  vari- 
ous solutions  an<l  point  out  wherein  they  fail  to  j)roperly  represent  the 
case.  For  this  j)ur|)<K<e  we  shall  m>t  nee<l  ti)  go  into  «letails  or  give 
results.  It  will  sulHce  to  contine  our  attention  closely  to  the  various 
a.ssumj)tions  u|)oii  which  all  former  theori(S  \\:wv  Ihimi  baM^l. 

In  a  small  but  exhaustive  work  by  Prof.  N\  inkier,  I'litithtl  '*  Neue 
Theorie  des  Krddruckes,"  Wieii,  1<S72,  /juit<'  a  full  history  of  the 
various  theories  which  have  Int'ii  propose<|  will  be  found.  We  shall 
condense  from  it,  in  what  follows,  as  much  .as  will  serve  our  pur|M>se, 
pointing  out  the  t"allacies  ot'  each  the«>rv  as  we  pnHi»e<l,  including  that 
of  Prof.  Winkler  himself,  as  notice«l  by  Prof.  NN'eynuich.  \\'e  shall 
then  briefly  give  the  theory  of  Prof.  Weyrauch  and  its  results,    ."^uch  a 
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course  will  enable  u.s  to  properly  estimate  the  value  of  these  results 
and  the  real  advance  constituted  by  the  new  theory.  ^ly  object  will 
be  attained  if  I  succeed  in  calling  general  attention  to  this  new  theory 
and  producing  the  conviction  that  Prof.  Wey ranch,  with  characteristic 
acuteness,  has  hit  the  weak  spot  in  all  the  hitherto  accepted  tiieories,. 
has  remedied  it,  and  ha-*  thus  produced  a  theory  free  from  the  defects 
of  all  preceding  ones — a  theory  and,  so  far  as  I  know,  the  only  theory 
thus  far  propounded,  which  is  ba.sed  upon  sound  data,  and  which  caii 
therefore  be  considered  as  reliable. 

I.       HiSTDRY   OF   THE  SUBJECT. 

Following,  tiien,  for  the  i)resent,  the  history  of  the  subject  as  given 
by  Prof.  Winkler  in  liis  brochure  already  referred  to,  two  method* 
may  be  followed  in  determining  tiie  earth  pressure  upon  a  confining 
wall.  According  to  the  one,  we  consider  a  certain  finite  wedge-like 
portion  or  so-called  "  prism  of  rupture,"  which  tends  to  separate  from 
the  rest  of  the  earth  and  overturn  or  slide  the  wall ;  and,  according  to 
the  other,  we  may  consider  the  conditions  of  equilibrium  of  the  earth 
particles  and  arrive  at  the  total  pressure  by  integrati(»n. 

The  first  method  is  that  which  has  generally  been  followed,  and  to 
it,  therefore,  we  shall  chiefly  confine  our  attention.  This  method,  that 
of  tiie  prism  of  ru[)tiire,  we  may,  in  view  of  what  has  been  done,  divide 
into  two  sub-metiiods. 

I.  The  position  of  the  surface  of  rupture  is  u  priori  assumed — ordi- 
narily the  same  as  the  surface  of  repose. 

II.  This  surface  of  rupture  is  determined  imder  such  conditions  as 
make  the  earth  thrust  a  maximum. 

At  first  it  was  customary  to  assume  this  tiirust  as  perpendicular  to 
the  wall,  or,  in  other  words, //vV//o;i  wa,H  disregarded.  Later  on  it  was 
recognized  that  this  pressure,  owing  to  friction,  could  not,  in  general, 
be  perpendicular  to  the  wall. 

In  all  theories  the  surface  of  rupture  is  assumed  to  be  plane,  and  the 
effect  of  cohesion  is  generally  disregarded. 

Let  us  now  review  briefly, 

I.     The  Older  Theories. 

These  we  may  state  as 

1st.  Theories  which  assume  the  natural  slope  as  the  surface  of  rupture 
— friction  being  disregarded. 
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Tliat  is,  tlic  wt'ii^ht  of  the  j»risin  of  nii)ture  \>  <lt*cou»)n»seJ  into  rom- 
poiieiits  j»ai;illt'l  and  normal  to  llie  natural  sIoik'. 

Under  this  head  we  liavc  the  thc-orie.";  of  \'auban  (1087),  Bullet 
<16yi),  ('ou|)let  (1727),  Sallonuyer  and  R'.ndelet  (1707),  Ter»ae  d. 
Montlonj^  (1774),  Vnd  Hlaveau  (1707). 

The  Freneh  (ieneral  Vauhan  wa.^  the  first  to  treat  retaining;  walls  in 
Jiis  "  Traite  de  la  defense  dcs  plaee.-;,"  in  1087.  It  is  doubtful  whether 
iie  was  |ruided  at  all  by  theoretieal  <-onsidenition.s.  If  so,  it  is  not 
known  what  they  were. 

Bullet,  in  his  "Traite  d'architeeture  practique,"  1091,give<  a  prini- 
Jtive  theory.  He  assumes  the  prism  of  rupture  :ls  bounded  bv  a  plane 
iit  an  inclination  of  4o°,  and  deeomposes  its  wei<;ht  int<»  parallel  and 
perpendicular  components.  The  parallel  component  he  iLs.sumes  to  act 
<lirectly  upon  the  wall.  He  <livides  this  by  the  heiirht  to  pi  the 
thickness, 

I  need  hardly  point  (»nt  the  error  of  I'ach  and  all  of  tlu-se  }us.-.unip- 
lions.  The  inclination  of  the  surface  of  rupture  every  practical  engi- 
neer knows  of  his  own  experience,  varies  with  the  kind  of  material, 
the  inclination  of  the  wall  and  the  slope  of  the  jrroun«l.  To  :i.'ssume 
it  Its  (roiistant,  is  to  beg  the  whole  (piestion  and  to  insert  in  the  mathe- 
maticjil  machine  an  assumption  not  warrante<l  bv  fait.  Of  course,  the 
results  tleduced  are  not  then  true,  and  are  valuele.ss.  The  meth«Hl  is 
an  illustration  of  a  tendency,  perhaps  not  yet  entirelv  cradicatiti,  of 
a.ssuming  data  carelessly,  without  sutticicnt  reganl  to  natural  conditions 
and  then  buildinix  "P  :»"  elaborate  mathematical  su|»crstructure  u|M»n 
su(;h  shaky  loiindations.  The  same  may  be  said  of"  the  decomposition 
of  the  weight  of  the  assumed  prism  ot"  rupture  into  |Kirallel  an<l  |H.r- 
pcndicular  components,  thus  disregarding  entirelv  the  etlt*ct  of  friction. 
The  division  of  the  thrust  by  the  height,  in  order  lo  obtain  the  thick- 
ness, is  again  a  pure  assum|)tion,  which  would  invalidate  the  rest,  even 
■were  it  all  true. 

(.Vmplet  ( 1727)  ditlered  from  Hullet  only  in  t.iking  the  -uri-uv  ot 
ru|)ture  through  the  forward  i'*.\y:v  of  the  wall  1>,  assuming  the  angh- 
to  be  that  made  by  a  pile  of  ball<.  or  the  tangent  of  the  angle  of 
inclination  of  EFXo  be  I  H  =  2'8;l,  assuming  AKFCto  Iw  sui)jH.rt*'<l 
by  the  |)ortion  of  the  wall  AI>K,  and  also  in  e«piatini:  the  moment  of 
the  thrust  /' al)out  />  to  the  moment  of  the  weight  of  the  wall.  Thr 
deviations  arc  imj>n»vements,  but    the  whole   metlxHl   is  o|K'n   to  tin- 
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same  objections  as  Bullet's.  The  assumption  as  to  the  angle  of  repose- 
shows  an  advance,  in  that  it  has  reference  to  nature  in  some  degree^ 
and  is  not  wholly  drawn  from  "  inner  consciousness." 
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Sallonnyer  and  Rondelet  (1767)  followed  Couplet  in  every  respect,, 
except  that  they  took  the  surface  of  rupture  thiough  the  rear  edge^ 
A,  of  the  wall  instead  of  i>.  They  contributed,  therefore,  nothing, 
and  practically  no  advance  has  yet  been  made  by  any  one. 

Tersac  de  Montlong  (1774)  simply  returned  to  the  45°  angle  of 
Bullet,  and  only  modified  the  views  of  Couplet  and  Rondelet  by  assinn- 
ing  the  portion  of  AEFC  to  revolve  the  wall  in  one  direction  and  the 
portion  EBF  in  the  other.  The  difference  is  of  course  only  ap})arenty 
for  the  combined  action  is  the  same  as  that  of  yl/)C,  and  we  have,, 
therefore.  Bullet's  theory  in  fact. 

Blaveau  (1767)  only  differed  from  Bullet  in  that  he  decomposed  P^ 
into  a  horizontal  comi)()nent,  H,  and  a  vertical  component,  V,  and  took 
the  fii-st  as  the  pressure  upon  the  wall.  Still  nothing  is  gained.  No  wonder 
that  practical  engineers  should  regard  with  distrust  mathematicians  pro- 
ducing such  theories  as  these !  Any  man  face  to  face  with  a  bank  of  earth 
for  the  first  time  could  detect  the  main  error  of  these  theories.  "  The  par- 
allel component,"  he  might  say,  "  is  indeed  the  force  which  would  slide 
the  prism  down  along  the  surface  of  repose  if  there  were  no  wall  to  retain 
it,  but  this  force  is  opposed  by  friction,  and  in  the  case  of  the  natural 
slope  is  just  equal  to  the  friction,  so  that  there  is  nothing  left  to  cause 
pressure  upon  the  Avail.  Moreover,  the  angle  of  repose  is  incorrectly 
assumed."  And  such  a  position  would  be  fully  justified.  What,  then,, 
have  we  thus  far  gained  ?  Nothing  but  vexation  of  spirit  for  the  prac- 
tical engineer  who  wishes  some  better  rule  than  a  "  rule  of  thumb," 
and  masses  of  bristling  formulae  to  dismay  the  heart  and  confuse  the 
mind  of  the  docile  and  much-enduring  student  of  engineering  science.. 

A  step  forward  was  made  by  Coulomb  in  1774,  by  the  assmnptioa 
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of  a  prism  (A'  ^rwitftst  tlinist,  arj<l  yot,  straiifre  to  s;iy,  we  find  oven  in 
rcfciit  tiiiu's  a  n'tiini  t<»  tli<*  old  cxphnlo*!  theories  just  rnfiitiontnl,  hv 
Mawlielv,  ill  1X42,  and  HoUniann,  in  18o>S.  Iloffniann  reje<-Ls  the 
prism  of  {^rtratest  thrnst,  withont  ^nvinjr  any  restsons  for  sodoinjr,  tiikes 
the  surface  of  rupture  throii-jh  the  forward  ^nlire  frjr  rotation.  an«l 
tlirftu^h  th<'  rejir  (hI^c  for  sliilin<r,  an<l  dc«-om()os<*s  in  the  Iatt«r  •■rt"^' the 
parallel  (•((niponcnt  into  liorizontal  and  verti<-al  eom|)onent.-.  His  the- 
ory thn>  hits  som<thin;r  in  common  with  that  of  Couplet  and  of  Hla- 
vean,  and  is  in  no  sense  sn|M'rior  to  <'ither. 

Thus  we  see  that  revivals  of  old  and  expIode<l  thiMiries  are  to  Ik? 
i^nanhfl  airiinst  even  now.  .V  knowle<ljre  «»f  what  ha.«i  iK-en  done  ii» 
the  history  of  the  suhjeet  will  enahle  lis  in  anv  sn«'h  ests<*  to  n*Ie«r:ite  at- 
sijjht  all  such  n'vivals  to  their  profwr  phiee — ohlivion  —  no  matter  h<»w 
thickly  the  matheniatic:il  and  ali^ehraic  dii-t  mav  overlie  and  ol>s<-ur' 
the  fundamental  data  iis-iumnl.  It  is  to  Iw  regretted  that  Iloffmanii 
sjM'iit  so  much  time  in  the  c:iIculatioii  of  nnmeroiis  tables  for  pnictii-d 
use  (!).  The  time  mij^ht  have  iMi-n  .s«>  much  In-tter  emplov*-*!  in  hmd- 
inore  useful  direction. 

2«l.  Thi'onrx  tr/iirli  ((.tsiiinr  f/ie  iitifitrnl  t<fiii>-  "<  /!'■  v, <,/',,•,  >,{  ruu(ni< 
— -frirtion  helm/  fa  km  into  tirmimf. 

In  this  hist  clause  we  n-eoirnize  a  real  ste|)  in  advamv.  The  first- 
:Lssumption,  howj'ver,  invalidates  tin-  whole  arj:ument,  and  all  siieli 
theori<s,  wherever  we  tiiid  them,  we  <-an  promptiv  dis<-:inl. 

Belidor  (  172iM  wjus  the  founder  of  this  h-Ihm.I  or  mcth<H|.  He 
(tMJiiDiuif  that,  without  fri<'tion.  the  normal  pn-ssim*  upon  the  vcrtictd 
wall  would  !)('  e<|ual  to  the  wei<jht  ot'  the  pri<m  forme<l  l>v  the  natural 
slop.'.  I'rictJoM  he  axxro/t/v/ to  c«tnsuine  just  half  <»f  this  pnssure.  He 
t4M»k  the  |M)int  of  applic:ition  of  the  pres-jun*  at  one-thinl  the  lieij;ht  of 
the  wall.  .Vssiiiiiption  upon  :tssumj)tion,  :ls  we  sjm-,  all  without  any 
warmnt  of  fact.  The  only  n-rd  advance  <H»nsist«><l  in  the  simple  n^««»ij- 
nition  of  friction  a-;  an  im|M»rtant  element  of  tlie  proMem.  not  in  the 
manner  in  which  he  to<ik  it  into  account.  It  seems  stniiiirc  that  s«i 
many  al>le  men  should  irive  earne>it  attention  to  the  siihjiM-t  and  not 
reoojrni/e  at  a  irlaiuv  what  every  praeti<xil  enj;ine<'r  would  r»^t>i;nize  by 
instinct,  vi/..  that  the  amount  of  friction  must  determine  how  much 
of  the  e:irth  will  hrrak  l<M»se,  slide  down,  and  foni'  the  wall.  Yet 
upon  a  first  hasty  (-onsideration  it  seems  natunil  to  admit  that  the 
amount  i)ressinir  ujxui  the  wall  must  l)e  the  sjiine  a-*  that  whieh  wouM 
nlide  down  if  the  wall  wen>  not  thert\      Hence  the  ircneral  a.ssumption 
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at  this  period  of  the  natural  slope  as  the  surface  of  rupture — an 
assumption  which  im})licitly  ignores  entirely  the  influence  of  friction. 

After  Bolidor  we  have  Gadroy  (1745),  Trinoaux  (1768)  and  d'An- 
thony.  Tlie  two  last  took  the  j^oiiit  of  application  of  the  thrust  at 
two-thirds  the  height  of  the  Mall. 

G-iuthey  gives  a  theory  which  coincides  with  that  of  Blaveau,  only 
he  deducts  one-third  from  the  parallel  component  by  reason  of  friction. 

3d.  Theories  which  assume  a  prism  of  greatest  thrust  and  an  earth 
pressure  nonnal  to  the  wall. 

The  founder  of  this  .school  is  Coulomb  (1773).  We  have  all  heard 
of  him  and  his  theory.  He  gave  an  impulse  to  the  theory  of  the 
retaining  wall  characteristic  of  real  genius,  which  it  has  never  lost. 
He  did  not  leave  out  of  sight  the  physical  datii  of  the  problem,  but 
took  them  into  account  in  framing  his  theory.  In  other  words,  he 
conformed  theory  to  practice.  Xine-tenths,  I  suppose,  of  the  theories 
at  present  accepted  and  in  use  acknowledge  him  as  their  inspiration. 
It  therefore  becomes  us  to  u.se  him  with  rcs})cct.  Nevertheless,  liis 
theory  and  those  of  his  followers  are  del'ective.  With  Coulomb  we 
reach  a  j)oint  where  real  progress  begins,  not  merely  in  conception  but 
al.-<o  in  execution — tiie  peculiarities  of  the  probleui  are  not  merely 
recognized,  as  indeed  they  were  by  .some  of  the  investigatoi's  already 
named,  but  they  are  to  a  large  extent  properly  met,  and  not  satisfied  by 
rough  a.-^sumptions  which  only  rec(jgnize  difficulties  without  meeting 
them. 

If  we  have  showji  anything  thus  far,  we  have  shown  that  all  j)re- 
ceding  efforts  from  ^"auban  to  Gautliey,  were  fruitless.  So  far  a.M 
their  labors  are  concerned  they  have  been  evil,  and  simply  evil,  because 
as  we  have  seen  in  the  (Use  ot"  Hoffmann  and  Miischek,  their  errone- 
ous and  totally  valueless  strivings  are  apt  to  turn  u[)  even  in  later 
times,  with  all  the  prestige  of  antirpiity,  to  the  confusion  and  bothera- 
tion of  the  present  generation. 

With  Coulomb  begins  a  new  era  in  the  hi.story  of  the  subject.  He 
did  not  reach  the  bottom,  as  has  already  been  intimated,  but  he  and 
his  followers  have  moulded  the  formuke  which  perhaps  many  engi- 
neers to-day  use — if  they  ever  use  any — and  he  deserves,  therefore, 
si)ecial  mention.  Let  us  try  to  make  plain  his  method  of  dealing  with 
the  problem. 

In  the  first  place  he  took  into  account  cohesion.  This  is  a  minor 
point  and  unessential  to  any  theory,  but  yet  necessary  to  be  noted  in 
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order  to  iindcrstaiitl  hifi  niothod,  tlicrofore  we  nt»ti<'<'  it  lirr^t.  For  it  i> 
evident  that  :l<  colioinii  lu-Ips  ilic  wall,  a  wall  wliicli  is  sate  without  it 
is  so  imich  the  inure  safe  with  ii.  Its  iiifliicin-i-,  moreover,  i?  at  Ix-'si 
l)Ut  slijrhl,  :ls  every  |»raetieal  eii<;iiieer  knows,  a>  the  hei<rht  at  whieh 
oartli  will  stand  vertically  without  slii|in<r  is  in  general  hnt  sli;;ht. 

According,  then,  to  Coiilonih's  view,  the  snrfaee  <»f  rnptnre  is  a 
plane,  and  alonji;  this  plane  surtiu-e  a  <-ertnin  |>risni  tends  t<i  slide.  The 
])re.ssure  exerted  hy  this  |)ri.sin  upon  the  wall  he  (imhuhu-x  as  normal  t<> 
the  wall.  Jlere,  then,  we  have  at  once  the  friction  of  the  wirth  u|M)n 
the  wall  disre^arde(l.  He  decomposes  the;  weijrht,  ^r',  <»f  this  prism 
and  th(!  reaeti(»n  ol"  the  wall.  A',  into  two  components  respectively  par- 
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-all(>l  and  ])crp(ndicular  to  th<'  -urface  of  rupture,  and  puts  the  difftr- 
cncc  of  the  j)arallel  coni|)onents,  i*,  —  /^,  e<pial  to  the  resistiUice  to 
.slidint;  of  tin;  prism.  This  latter,  lK>wever,  consists  of  the  friction, 
which  is  pro|>ortional  to  the  normal  |)ressure,  X^,  oidy,  and  of  the 
cohesion  which  is  j)rop<»rtional  to  the  surface*  of  slidintr  only.  If  wc 
take  the  co-etlicient  of  fricti<»n,  (Mpial  to  /*,  and  the  co-<'tHcient  ot'  colli- 
sion, /.  r.,  the  cohesion  for  the  area  unity,  eipial  to  c,  and  the  hreadth 
of  the  j)rism,  BC,  for  horizontal  earth  surface  (this  is  the  only  c:»s«' 
Oouloml)  di.seu.sses),  e<pial  to  .r,  we  have  for  the  pressure  upon  the  wall 
when  vertical  (this  also  is  the  only  c:i.se  discus.sc«l  hy  CouloniK)  : 

2{x-hfh) 

whore  /*  is  the  heiwht  of  wall,  and  y  the  wei«rlit  ot"  a  ciil»i«-  unit  ot 
earth. 

Now,  as  Winkler  iroes  on  to  s:iv,  C'oultuni*  concludo  in  a  mantier 
hy  no  means  clear,  that,  :i.s  the  surface  ot'  rupture  is  assunje*!  in  ditler- 
cnt  positions,  the  corres|)on«lin«r  pressure  upon  the  wall  chanir«'s.  For 
one  position  <»idy  is  this  ju-essure  a  maximum.  The  '*  prism  of  «rreat- 
est  thrust"  must  always  t«'nd  to  separate,  iKViUise  that  resistantv  wliich 
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would  keep  in  place  this  prism  would  so  iiiuch  the  more  keep  in  place 
any  other.  He  therefore  differentiates  the  above  expression  with 
respect  to  .r,  and  puttino;  the  differential  co-efficient  equal  to  zero,  finds^ 
for  the  value  .of  .r,  which  gives  the  greatest  pressure, 


.v  =  —fh  -\-h  11+/*. 

That  is,  tlie  position  of  the  surface  of  rupture  is  entirely  independent 
of  the  cohesion.  The  corresponding  greatest  pressure  is,  of  course,, 
easily  found.  The  point  of  application  of  this  pressure,  cohesion  dis- 
regarded, is  correctly  shown  to  be  at  one-third  the  height  of  the  wall. 

Such  wits  Coulomb's  method.  It  wius  taken  up.  and  followed  out  in 
its  consequences  to  all  cases  of  walls  inclined  at  any  anglcj  eiirtli  sur- 
face at  any  angle,  surcharged  walls,  etc.,  by  Prouy  (1802),  Mayniel 
(1808),  Fran9ais  (1820),  Xavier  (182G),  Audoy  and  Poncelet  (1840), 
Hagen  (1853),  Scheffler  (1857),  Saint-Guieriiem  (1858),  Culmann 
(18(5G)  and  Mosely  in  recent  times,  as  well  as  a  host  of  others  whom 
it  would  be  useless  to  name,  since  the  same  assum})tions  lie  at  bottom, 
and  they  only  differ  in  elaborateness  of  treatment  and  detail. 

The  objections  wliidi  ap])ly  to  Coulomb's  method  apply  to  all,  as 
u])oii  that  they  all  stand  or  fall.  The  work  of  Poncelet  was  es|)ccially. 
elaborate,  and  his  grai)hic  solutions,  which  enable  the  practical  man  to 
handle  the  rather  involved  algebraic  expressions  which  abound  in  all 
the  tlieories  of  this  school,  have  done  much  to  make  his  name  in  con- 
nection with  retaining  walls  familiar  to  all.  Yet  it  may  be  doubted 
whether  the  theory,  even  as  popularized  by  him,  has  made  much  real 
headway,  and  whether  engineei'S  to-day  bother  themselves  much  with 
calculations  and  determinations  of  stjibility,  in  the  ca.se  of  a  wall. 

There  is  evidently  a  reiu^on  for  this,  as  engineers  to-day,  though  not 
apt  to  spend  their  time  in  matliematical  recreations,  are  i)retty  quick 
to  search  out  and  make  use  of  any  real  and  efficient  ai<l,  whether  from 
the  side  of  pure  or  applied  mathematics,  or  from  that  of  successful 
practice  or  well-established  usage.  If  the  theory  of  Coulomb  and  his 
followers  has  not,  then,  found  a  lodgement  in  the  practice  of  to-day, 
it  is  pretty  good  prima  facie  evidence  that  it  d(jes  not  meet  the  require- 
ments of  the  case,  and  that  when  tried  by  the  touchstone  of  practice 
it  has  been  found  wanting.  Howev^er,  we  need  not  decide  the  merits 
of  the  case  u})on  such  showing.  Objections  more  specific  may  be  urged. 
All  the  authors  we  have  mentioned  thus  far,  from  Coulomb  down, 
assume  a  prism  of  maximum  thrust.     They  all  stand  or  fall  with  that. 
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Now,  as  Winkh'r  j.oints  out,  Hvenil  ohjwtion.s  may  Ik-  urjrc<l  against 
this. 

In  applyiiif^  this  priiK-ipIo,  we  (lec-<>niiK)so  the  weight,  G,  ot  any 
pri.sm  limitecl  hy  a  phiiii  surfaw,  AC,  into  two  conJiKHKnt.s,  A' ami  /*„ 
acting  u|)on  the  wall  AH  and  the  surf:we  AC  Of  these  F^  holds  the 
friction  and  cohctsifMi  in  AC  in  efiuilil)rium.  Hy  thi.s  assumption  E  i.s 
detcnnine<l  for  any  (umirrwd  plane  AC.  E  varies  then  with  the 
assumed  j)osition  of  .1^',  an«l  this  jM.sition  is  so  (leterminc<l  a-^  to  make 
A' a  maxinmm.     Now  here  we  have  thre<'  ohjeetions. 

1st.  It  is  not  apparent  why  the  actual  earth  pressure  should  l>e 
exactly  the  maximum  value  of  E  for  all  j>ositions  <»f  AC.  No  author, 
from  C'ouloml)  down,  has  given  any  direct  satisfactory  pro<»f. 

2d.  Tiie  force  1\,  as  the  wall  gives  way,  Wjuilihratcs  i.idy  in  th.- 
plane  or  surface  of  rej)ose,  AI>„  while  for  ever\'  other  phuu-  /',  i>  h-s* 
than  that  necess:iry  f<»r  e(|uiIil>riMm. 

;Jd.  /s  varies  with  the  a-suiiied  posit i<.n  of  vH ',  while  nevertheless 
there  can  1k>  really  exerte<l  uj>on  the  wall  oidy  one  <iefinite  and  con- 
stant pressure,  entirely  imhjMiident  of  the  position  of  .t^'. 

Any  one  of  these  olyections  invalidates  ('oulomh's  th<'<»ry,  and  leaves 
us  still  in  the  dark  as  to  any  satisfactory-  solution  of  tin-  prol)lem  of 
the  retaining  wall.  Engineering  pnicticr  lias,  we  think,  thus  d(vide<l, 
and  the  acccptahie  meth<Kl  has  yet  to  Ik-  found. 

There  still  remains  a  last  method  to  1k'  notiee<l,  which  is  an  improve- 
ment ui)on  Coulond)'s,  and  has  proved  the  most  generally  acx-eptalde 
of  any.  It  is  the  theory  of  Kehhahn  (IsTH,  Winkler  (|S72\  von  Ott 
(1877),  and  is  identical  in  its  assuinpti»jns  with  the  meth«Hl  fojlowinl 
by  Ortmann,  SchefHer,  Rankine,  Levy,  Considere  and  von  Mohr, 
although  these  last  pnM'ee<l  from  a  considenition  of  the  conditions  ot 
equilihrium  of  the  earth  particles,  and  arrive  at  their  n-sults  l»y  inte- 
gration. This  we  allu(h'<l  to  in  tlu*  In-ginning  as  the  second  methrMl  of 
pHMndure,  and  as  it  is  identic:d  in  its  assumpti<»np  and  n'sults  in  the 
one  we  are  about  to  descrilx',  we  may  dis|>oso  (tf  the  two  togt^ther. 

Here,  as  in  all  the  theori«s,  we  assiune  a  plane  surfact'  of  ruptun-. 
This  is  necessiisv  in  view  of  our  ujH'cssarA-  ignorance  as  to  what  this 
surfatv  n'allv  is.  Moreover,  as  exjMTiment  and  «»l)servation  show,  this 
assumption  is  practically  cornn-t. 

The  wall  AH  may  have  any  shai>e  and  inclination,  as  also  the  «irth 
surface  5 ('.  Acting  u|>on  the  wall  is  a  certain  prt>ssure  A',  which  is 
])roperlv  a.'^umcd  as  invariable   in   the  reasoning,  no  matter  where  tlie 
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surface  of  rupture  may  be  first  assumed  to  lie.  We  thus  avoid  the 
objectious  to  Coulomb's  theory.  Moreover,  the  pressure  is  not  taken 
as  normal  to  the  Avail,  but  as  making  a  certain  angle  to  the  normal. 
Thus  Ave  take  into  account,  very  properly,  the  friction  of  the  earth 
upon  the  AA-all  Avhen  motion  is  just  taking  place.  Noav  here  I  wish  to 
direct  careful  attention — for  it  is  a  vital  point.  It  is  argued,  and  Avith 
some  show  of  truth,  that  when  motion  is  just  about  to  commence  by 


reason  of  the  yielding  of  the  wall,  or  just  upon  the  "  A'erge  of  equilib- 
rium," as  it  were,  this  angle  of  the  earth  pressure  Avith  the  normal  to 
the  wall  must  be  just  equal  to  the  angle  of  repose  of  earth  on  wall,  or 
if  this  angle  is  greater  than  that  of  earth  on  earth,  then  to  this  latter 
angle,  since,  then,  as  tiic  Avail  moves,  a  film  of  earth  adheres  to  it,  and 
a  line  of  separation  is  between  earth  and  earth.  It  is  therefore  on 
these  grounds  assumed  that  the  pressure  E  makes  an  angle  Avith  the 
normal  to  the  Avail,  at  the  verge  of  equilibrium,  equal  to  the  angle  of 
repose  of  earth  on  Avail  or  of  earth  on  earth.  These  are  the  only  tAvo 
assumptions  of  this  theory.  The  first,  that  of  a  plane  surface  of  rup- 
ture, is  necossarv  and  common  to  all  theories ;  we  cannot  afford  to 
ipiarrel  Avitli  that  in  our  present  state  of  knoAvknlge.  The  second  is 
that  the  earth  pressure  makes  with  the  normal  to  the  wall  the  angle  of 
re}>ose  or  of  friction,  Avhere  equilibrium  just  obtiiins. 

If,  then,  Ave  suppose  a  prism  limited  by  any  plane,  AD,  we  have 
three  forces,  the  weight  of  this  prism  G,  the  earth  pressure  E  and  the 
pressure  R  upon  the  surface  AD. 

As  AD  changes  its  position,  i.  e.,  as  Ave  assume  it  to  take  different 
positions,  E  is  properly  considered  as  constant,  since  the  imaginary 
section  cannot  affect  the  actual  thrust  on  the  wall  (here  was  Coulomb's 
error)  Avhile  G  and  R  A-ary.  For  any  one  position  of  AD,  then,  G  is 
determinate,  and  hence  for  constant  E  the  inteiLsity  and  direction  of  R 
for  that  position  of  AD  Is  fixed  by  the  parallelogram  of  forces,  since 
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K,  G  and  li  must  l)f  in  t'<|iiilil)riutn.  Tin's  |»ressiire  R,  thiH  found, 
may  l>e  decomposcrd  into  :i  normal  .V  to  A  I)  and  a  j«inill«'l  force  S. 
The  normal  foro-«  ^ivcH  the  friction  of  A'  alontj  AI>,  wlun  ;"  is  th«* 
coefficient  of  friction.  If  tlic  knj^fli  (»f  the  surface  AD  is  /and  the 
eo-efti<;icnt  of  c(jlicsion  is  c,  then  the  totiil  resi>tance  to  nioticni  alonjj^ 
AD  is /At  (^l-  The  force  *S'  tends  to  cjiuse  motion  along  AD.  Now, 
to  have  etjuilibrium  we  nui>l  have  fdr  anv  ami  every  section  Ah, 
the  c(»n<liti(»n 


^~  /^V  + 


..  / 


For  that  section  fr»r  which  eqnilhriuin  jn.-^i  ohtains  and  n«»  nutrc,  we 
have 

S  :^  f  ^l    ,    c  /  or  '' ! =  1. 

S 

T/tis  Krcfinn  is  the  s-iirjacr  of  rupture.      For  all  other  s<.'ctious 

S^fX-r  ri 

f  -V  ^    e  /  ^    , 
or     *' L >    1. 

-S' 
¥(^v  the  surfacv  of  ruj)ture,  then,  tin-  condition  is  that 


/A'-t-c/ 


skdll  f>*'  (t  uilnimum. 


S 

The  surface;  f)f  rn|»ture  is  thtis  determined.  (/  is  then  fouiwl,  Tud 
then  K 

This  is,  J  think,  a  fair  juixniation  ,,{'  the  last  and  Ih-si  mctluKi 
which  we  shall  notice — a  meth<Hl  which  to-dav  disphu'ts  C'oulomh's, 
and  whi<h  is  to-day  used  in  one  sha|M'  or  another  hv  enjfineers,  if  thcv 
ever  use  any  at  all. 

It  rests,  :us  we  see,  upon  two  assumptions,  and  oidy  two.  All  ohji'*-- 
tions  must  he  made  here  or  n<>t  at  all,  since  the  mere  mathematicnl 
han<lling  can  he  left  out  of  siijht.  The  first  assmnption,  that  of  a 
plane  surface  of  rupture,  we  must  let  pa.ss,  pntvisioually  at  le:i.<t.  It 
is  fair  to  presume  that  its  practicjd  error  is  sli<;ht  and  more  than  Ud- 
anctnl  hy  neglecting  cohesion,  since  the  effW't  of  thi^  ja^t  i>  to  help  the 
wall.  Ii<'t  us  <lirect  our  attention,  therefon',  t»»  the  s4Hond  :L'N>'umption. 
and  see  where  it  logic-ally  brings  us  out. 

i'rof.  W'tynuich  points  out  in  the  article  referntj  to  in  the  U'ginning 
t»t  this  paper  the  error  of  this  assumption  as  follows.  Ix-t  the  anglt- 
imuie  by  the  earth  pressure  IJ  with  tlie  normal  U>  the  wall  be  o,  and 
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call  the  angle  of  repose  f.  Coulomb  and  his  followers  for  upwards 
of  60  years  assumed  8  ==  o,  or,  as  we  have  seen,  took  the  earth  prassure 
normal  to  the  wall.  Smce  Poncelet  (1840)  it  has  been  the  prevalent 
fjishion  to  assuine  d  =  <f,  or  equal  to  the  angle  of  repose.     The 


reasons  for  such  assumption  we  have  just  given.  We  have  thus 
passed  in  the  history  of  the  subject  from  one  extreme  to  the  other. 
Is  it  not  possible  that  the  truth  may  lie  in  the  middle  ?     Let  us  see ! 

The  assumption  d  =  o  was  made  because  there  then  seemed  no 
reason  to  sup])ose  it  anything  else.  No  one  ever  attem])ted  to  prove 
it,  but  simply  assumed  tliat  if  the  pressure  was  not  normal  tlie  earth 
would  slide.  Many  recent  writers,  however,  contend  that  d  must 
equal  <f,  for  at  the  verge  of  motion  the  earth  is  just  on  the  point  of 
sliding. 


Let  us  admit  their  reasoning  on  this  jjoint,  and  apply  the  principle 
to  a  special  case. 

Consider  an  arch  subjected  to  earth  pressure.  Then  the  earth 
pressure  upon  every  element  makes  the  angle  <f  with  the  normal  at 
that  point.     Follow  up  towards  the  crown  from  either  side,  drawing 
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the  earth  j)res><iire  for  diflireiit  j)<»int.>^,  and  we  liiid  at  tlie  crown  two 
<liHerently  directe<l  pressures  at  the  smH-  jM>int,  <lue  to  the  same  <-ausc*. 
Or,  a^in  ;  let  us  take  a  phine  wall,  AJi.  Tiie  e:irtii  pressure  makes 
tiie  angle  <f  with  the  normal  to  AH.     (."onet'ive  tlu-  wall  to  turn  alnuit 


-4  and  tiike  up  diflerent  positions.  For  each  new  jwoition  the  an<:le 
must  he  constantly  e<jual  to  y.  Thus  when  the  wall  lK'<'*»m(s  horizon- 
tal the  known  nv/Zca/ earth  ])ressure  mu>t,  according  to  our  prin<-iple, 
still  make  the  an^le  y  with  the  normal  I 

The  |>rincij»I('  is  evidcntlv  not  ol*  general  applicjitiim,  tor  it  tails  for 
hoi'izoutal  po>ition  of  the  wall.  I>ct  the  wall  tij»  up  a<rain,  at  what 
])ositioM  d(i(>  tlif  principle  Ke^in  t<»  hold  j:o<m1'.' 


The  iLssiunption  is  evidently  faulty.  It  <loes  not  rej)resent  facts, 
and  the  n\sults  of  the  theory  Imilt  upon  it  cjuinot  iM^ssihly,  e.xtx-pt  l>y  a 
Italauciui;  of  crr»»rs  not  to  he  ('.KjHH-teil,  l>e  more  corni-t  than  its  <hita. 
Still  (he  a.s>umption  p<ir(i<t//if  n-prcscnts  fact.  Thus  to  s;»y  that  o  =  if 
is  virtually  to  s;iy  that  the  wall  slides  (tut  (»n  its  toundation  only,  and 
the  prism  siid<s,  as  shown  in  the  tiirun-.  For  such  a  t-.i.»e  the  :Ls»um|>- 
tiou  w«ndd  1h'  correct.  We  mu>t  not,  then,  ttn*  h:istily  rejivt  the  thii>rv 
in  toto,  hut  rather  scnk  to  estimate  how  and  when  io  rely  U|H»n  it,  and 
when  to   r»'')e<'t   it.      This   c;in   1h'   done   oidy   hy  conijKirison  with    the 
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results  of  a  correct  theory,  whicli  does  not  make  use  of  this  faulty 
assumption. 

II.     A\'eyi{auch's  New  Theory. 

Can  such  a  theory  be  framed?  Is  there  anything  better  to  take  the 
place  of  all  these  writers  and  investigators  from  Vauban  and  Coulomb 
to  Poncelot,  Mosely  and  Rankine?  We  would  answer  both  questions 
affirmatively,  and  this  constitutes  the  new  theory  to  which,  in  view  of 
the  preceding  history  of  the  subject,  we  now  wish  in  this  paper  to  call 
special  attention.  The  new  theor>-  was  propounded  by  Prof.  Wey- 
rauch  in  the  "  Zeitschrift  fiir  Baukunde"  for  1878  (Bd.  I,  Heft  2),. 
and  from  the  short  historical  review  we  iiave  just  taken,  we  are  now 
in  a  position  to  estimate  it  at  its  true  value,  in  s(»  far  as  it  claims  to  be 
an  improvement  U|)on  all  othei's,  and  only  in  so  far  as  it  does  this,  can 
it  properly  claim  attenti()n  at  all.  Engineering  literature,  as  we  have 
seen,  is  too  prolific  upon  this  subject  for  any  new  theory  to  claim 
attention  to-day  unless  its  claims  to  such  attention  are  well  foinided. 

In  the  writer's  opinion  the  new  theory  is  in  fact  a  real  advance  upon 
anv  hitherto  advanced,  and  is  free  from  the  objections  which  apply  to 
them.  It  is  simple,  and  its  results  are  practical.  It  enables  us  to 
[»roperlv  estimate  the  value  of  tlie  last  metlutd  discussed,  to  show  where 
it  is  at  fault  and  when  it  is  correct  and  why.  We  shall  endeavor  to 
present  it  briefly.  For  the  details  of  the  mathematical  discussion  the 
reader  can  refer  to  the  original  paper.*  It  will  be  sufficient  for  our 
purpose  to  examine  closely  its  foundations,  indiaite  the  general  method 
of  discu.ssion,  and  give  its  practical  results  in  such  shape  that  they  may 
be  used,  tested  and  compared  with  those  of  other  theories.  Any  one 
interested  can  then  follow  it  out  for  himself,  d(!veloj)e  it  further  and 
add  to  its  results.  It  remains,  indeed,  to  be  worked  out  into  .somewhat 
m<»re  practical  shape  for  the  working  engineer,  and  to  be  aj)plied  to 
ca.ses  of  surcharge,  etc.,  but  the  foundations  at  least  are  hiid,  and  seem 
firm. 

1st,  then,  we  disregard  cohesion,  not  that  this  is  necessary  to  the 
theory,  but  simply  that  its  disregjird  renders  our  results  and  algebraic 
work  more  simjile  and  its  introduction  would  not  give  any  practical 
accuracy  commensurate  with  the  increa.sed  complexity  of  the  resulting 
formulje.     Cohesion  helps  the  wall  a  little.     If  we  di.sregard  it,  a  wall 

*  Zeitschrift  fiir  Baukunde,  Bd.  i,  Heft  2,  1878. 
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wliicli  is  siiff  by  onr  iiKtli(Ml  is  simply  still  safer  in  reality.  This 
iissiimptioM  can  tlien  he  frruiited   us,  for  the  siike  of  simplicity  at  least. 

2(1.  We  (tsfoiiiir,  and  this  is  the  ou/y  a.ssumption  we  shall  make,  or 
Avliicli  is  necessary  to  l>c  made,  that  the  surface  of  rupture  is  practically 
a  j>lanc  surface;  that  is,  that  all  elcm(nt;irv  forces  acting;  upon  any 
])lane  section  throiijrh  the  earth,  have  the  same  direction  or  are  parallel. 

This  single  assuiiiptiou  of  a  plane  surface  <»f  rupture  is  common  t<> 
all  theories.  Without  it  we  cannot  start,  ^\'c  ditli-r  fntrn  all  other 
theoi-iesin  makin;;- no  further  assumption  (that  re^^ardin^  cohesion  i.- 
not  essc'utial).  Ix't  us  now  proceed  to  wind  up  and  set  in  motion  our 
mathematical  machine.  We  ^ivc  an  (»utline  of  the  manner  in  whieh 
this  is  done. 


I/'t  the  surface  of  the  earth  have  any  form,  and  the  wall  AH  anv 
inclination.  The  earth  pressure,  K,  makes  some  an<^le,  3,  with  the 
normal  to  the  wall.  What  this  an<;le  is  or  should  he  we  do  not  know 
as  yet.  We  only  say  it  nuist  make  .some  an^le.  W C  do  not  assume 
this  auiil*'  t<i  he  the  anu'le  of  friction.  Conceive  throuirh  the  point  A 
any  plane  section,  as  .1^'.  The  wei<rht  (t  «»f  the  prism  viy>C' nui^t  he 
lield  in  e(|uilihriuni  hy  tlie  pres-ure  A',  whieh  this  pri.sm  would  cause 
on  the  wall,  and  the  pressure  li  whi<h  it  would  cjiusc  u|M)n  AC. 
Wherever  .IT' may  T)e,  it  this  prism  yl/)('«.l<K'S  not  movi-,  these  are 
the  forcvs  which  hold  it  in.  We  have  then  thrir  forces  in  e<piilihriuin. 
Let  us  decompose  these  three  toree~  into  eom|M»uents  pandh'l  and  nor- 
mal to  A(  .  Then  the  neee-;snry  conditions  for  etpiilihrium  are  three, 
vi/. : 

riie  sum  ot' the  eoiiipoin'iit>  jtarallel  to  .l''mu<t  i'<|Ual  zero,  or 


r—  r 


/'..  =  (» 


The  sum  of  the  coniponents  periKMidicular  to  .1'    nm-t  eipial  zero,  or 
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The  sum  of  the  moments  of  tlie  forces  E,  G  and  R,  about  any  point, 
must  equal  zero.  Take  the  point  of  moments  at  A  and  let  the  lever 
arms  be  e,  g  and  r  respectively.     Then 

Gg  +  Ee  —  Rr  =  {)  (3) 

Also,  if  (p  is  the  angle  of  repose  of  earth  on  earth, 

-J         tan.  (D  or  ^   ^  tan.  (p  (4) 

p 

because  if  — ?  were  greater  than  tan.  (p  there  could  not  be  equilibrium. 

V2 
This,  therefore,  is  one  of  the  necessary  conditions  of  equilibrium. 

P    . 

Observe,  —   is  not  assumed  equal  to  tan.  if.     It  is  simply  asserted 

that  it  cannot  be  greater.    It  may  be  less  and  have  any  value  below  this 
limit. 

Equation  (3)  is  the  (condition  which  helps  us  through  our  solution 
'and  renders  unnecessary  any  assumption  as  to  the  value  of  d.  With- 
out it  such  an  assum])tion  is  necessary.  Here  then  is  the  point  of 
div^ergcnce  of  the  theory  from  all  others.  An  arbitrary  assumption  is 
replaced  by  a  sound  principle,  viz.,  that  of  equality  of  moments. 

It  seems  strange  that  this  third  condition  of  equilibrium  should 
never  before  have  been  introduced  into  the  problem,  and  that  there- 
fore resort  has  been  had  to  a  questionable  assumption  instead.  Yet 
such  is  the  fact. 

Our  mathematical  machine  is  now  wound  up.  All  we  have  to  do 
is  to  set  it  in  motion  and  let  it  grind  out  for  us  the  inevitable  conse- . 
quences  of  these  conditions  of  equilibrium.  Human  fallibility  in  cal- 
culation aside,  he  who  looks  for  a  flaw  in  the  entire  treatment  must 
look  for  it  in  these  first  four  conditions  and  the  single  assumption  upon 
which  they  rest^ — that  of  a  plane  surface  of  separation. 

If,  now,  there  is  anywhere  in  the  mass  of  earth  any  one  section  as 
AC,  for  Avhicli 

P-P,  =  {q^-  Q,)tan.<f  (5) 

then  that  plane  is  the  true  surface  of  rupture.     The  position  of  this 
plane  is  determined  by  the  condition 


P-P, 


shall  be  a  maximum. 


Q  +  Q. 

If  this  seems  like  the  same  reasoning  which  we  discarded  when 
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a|i|ili<<l  t<»  tlic  wall,  a  littl<-  (■«)iisi<i('nitioii  will  hliow  tin-  ditlin-iK-*-. 
TIktc  it  Wits  tiHHUuuil  that  at  tin-  vcrj^f  of  motion  tin-  <'artli  pn'^^iirt* 
niadf  ail  aii^rh"  y  with  the  nonnal  to  the  wall.  Hire  it  '\f,  ^\n\\i\y 
a-sscrtiMl  that  out  of  all  coiu'oivahle  .M-i-tioiw  AC\  that  one  will  Ik*  the 
real  surlacf  of"  rnptiin*,  for  whi<-h  the  iioriiial  aii^h*  of  It  b*  tin*  ^n-atot 
coimi.steul  with  (H|iiilil)riuiii.     This  is  iin<Ioul)tc<lly  true. 

To  find   this   |>osition  of  vl(.' we  have  to  put,  aj<  we  know,  tlic  first 
<lif^i?rential  ro-eflicinit  r«jiial  to  zero,  or 

l*'roiii  our  tii;ur<'  we  havr  for  aiiv  position  of"  ,1^ '. 
P  =  a  COS.  10,  (^  ^  a  sin.  to,  P^  =  7:,' sin.  [lo 
Qi  =  K  COS.  {lo  -f-  a  -:    d) 
We  have  then  from  (o) 

(i  COS.  ot         /v  sin.  (<«>  -\-  a  -{■  9)  =^  \(i  xin.  to    •     J\  ihju. 
{to  -{-  a  -i-  J)]  tan.  c. 
Since  this  c<|nation   holds  pMnl  only  for  the  >nrfa«-c  of  rn|tiun-,  we 
iiave  for  the  earth    pressure   UjM»n   the  wall  -l/>,  wIkh  hj  i-  tIi.    -m  A,. 
mode  bv  the  ^nrface  of  rupture  with  the  vertic:d, 

r,  CO**.  €0  —  sin  to  tan.  tr  . , 

sin.  (to  -j-  a  -{-  d)  -{-  cos.  (o»  -j-  a  +  ^) 

eofl  (y  -f  w)  ^ 

sin.  {if    -r    <o    -f-    d) 
\\'c  have  then  fr«tm  ((>) 

d    /(»'  COS.  w  —  .^sin.  («i  -f  a  +  ^) „ 

il  to  \(t'  sin.  r«j     •     A' c<w.  (w  -f-  a  -{-  <J) 

If,  now,  we  reproent  the  Icn^rth  of  .IChy  v,  and  let  ;-  Ik-  the  wci;:ht 
of  a  cnliic  unit  of  earth,  then 

tl  <;  =  ^  k  fl  to  \  k  J- 
and  l)y  jH'rformin^  the  ditferi'ntiation  we  t>btain 

,,—  2  sui.  (a    f  S)  — -*l/  +  f  =0  ,.s 

Sul)^^titufinl:  the  value  of    '  from  (7)  we  have  t\)r  tJie  wei^dit  ...      ,« 
prism  of  ru|»ture 


(7) 
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g_  COS.  {(f  4-  CO)  sin,  {if  +  10  -Y-  a  -\-  8),  k^r_  .^^s 

COS.  («  +  (?)  2  ^ 

Substituting  the  value  of  sin.  {(f  -\-  co  -\-  a  ~{-  d)  found  from  this  equa- 
tion in  (7)  Ave  have  for  the  eartli  pressure  on  the  Avail 

^_cos.Mf +  c^)^  ifr  (10) 

(cos.  a  -^  o)      2 
and  since  the  sum  of  the  horizontal  components  of  E,  G  and  II  must 

be  zero 

E  cos.  {a  A^  8)  =  R  COS.  [co  -\-  if) 
hence 


R  =  COS.  {(f  -\-  (o) 


(11) 


It  is  now  easy  to  prove  the  following  relations :  If  AD  is  the  natu- 
ral sloj)e,  and  Ave  draAV  from  the  end  C*  of  the  surface  of  ruptm-c  a  line 
CI,  making  the  angle  a  ^  8  (or  the  angle  of  E  with  the  horizontal) 
Avith  the  normal  to  AD,  then  the  area  of  the  triangle  A  CI  is  equal  to 
the  area  ABC  of  the  prisin  of  rupture.  If  we  lay  off  IL  equal  to  IC, 
then  y  multiplied  by  the  area  CIL  gives  the  thrust  E.  If  avc  lay  off 
A3I  equal  to  AC,  tlien  y  multiplied  by  the  area  of  ACM  gives  the 
pressure  R  upon  the  surface  of  rupture,  all  for  one  foot  in  length  of 
the  Avail.    Thafisarea,  .-iJ5C'=     A  A  CI,  or 

G  =  Y  r.  ACI 
E=r  A  LCI 

R  =  r  ^  ^031 

Avhere  the  symbol  /\  denotes  "  area  of  triangle."  The  first  two  of 
these  relations  Avere  deduced  by  Rebhahn  in  1871,  under  the  assump- 
tion that  0  =:  0  or  0  =  <f.  They  are  here  found  to  be  true  indepen- 
dently of  any  such  assumption.  The  third  relation  is  new  and  is  due- 
to  our  third  condition  of  equilibrium.     We  liave  thus  the  relation 
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C  :   /•;:   l:  ^   AI  :  /(    :  Af  (12), 

or  the  \v<i;:lit  of  tin-  |»ri-iii  of  rij|»tiin-  :iii<l   tin-  pn-s-iin-!-  n|x«n  tlir  wall 
an<l  surfac*'  of  niptiin-  arc  as  the  llir«--<-  si«Ii?«  of  tin-  triai)j;k-  A<'J. 

W'f  liavf  iiia«l«'  no  :LHSiiiM])tioii  as  to  tin-  value  of  «.  TIh*  value  of 
tliirt  an^le  is  ^ivni  at  one*'  l>y  •■•jnation  (.'5),  for  any  |»:irti«Milar  f'ase. 
This  cfpiation,  tlirn-forr,  wln«li  is  on*-  of  tin-  niHt-sKiry  «'ornlitions  of 
o<{uilil)riurn,  answers  the  sjiim*  ••n«l  )t«*  tin'  uii\varniutal»l«'  assuniplion  of 
o  =  o  itr  o  =  <f. 

.So  niur-li  for  tli<;  ^fucral  (-.t^r.  Im-  anv  s|Mfi:il  <iv^-  ^\^•  i-.m  ii'»>\ 
easily  tiiitl  (r,  /.,' and  /»'  and  tlir  valut-s  of  «i  and  '/.  Ix-t  iLs  su|»|K**f, 
for  instauct!,  that  the  earth  surface  is  |>lant*  and  s1o|r«  up  at  any  anj^h- 
£.  For  this  ciXM'  it  is  e:Lsilv  provtd  that  if  liO  is  drawn,  making;  an 
anjflo  with  the  normal  to  the  natunil  >1o|m-  e«jual  to  a  r  «',  th<-n  ,1/  is 
a  mean  proportional  iM'twei-n  AO  and  AJ>.  We  can,  therefore,  easily 
■fonstnn't  A<\  pr<i\idtM|  o  is  known. 


(i:V) 


riir  -p«'rial  valm-  for  A',  in  this  i':\M\  lieeoniets 

A'=  r«"^-  (y  —  «)T f^'r 

L      .  (Tts,  «        J    2  «t»s.  {a  -t-  it) 
Wo  have  al^o  tu<>  tHpiations  <>ontainin;;  fr>  and  o,  l>v  m.-an^  ci'whieh 
••aril  cjin  •)edet<'rmine«|.    The  first  is  rasily  found  from  tin*  tiirun*  to  be 
sin.  (a   t- tt*)  e<»«*.  (e  +  w)  ^'•'s.  («       rJ)  =  sin.  (y'    ,    to  -^   u       o) 
eo«.  (y    ;    (o)  COS.  (a  —  £)  (14) 

Tin-  seeond  is  found  to  U' 
ct)!?.  (ei-w)  [  nis.  (tf     to)  ixts.  «  —  >in.  ^w  /     <»)  sin.  '/] 

=  eoe.  (a — s)  [tt»s.  (a  i-«)  cos.  y  — .sin.  (y  «>)  sin.  fu]  (lo) 

The  |K)int  of  app]i(*:iti«»n  of  the  e^rth  pn-ssure  is  e:Lsily  provwl  to  U> 
.'it  OHt'-tfiinl  thf  hniflii  of  the  wtiJi  from  the  bottom. 
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We  have  not  thought  it  necessary  to  give  the  details  of  the  mathe- 
matiail  work  by  which  tliese  results  are  obtained.  Our  object  is  sim- 
ply to  point  out  in  outline  the  method  of  discussion  and  to  give  briefly 
the  practical  results. 

Equations  (13),  (14)  and  (15)  include,  then,  every  practical  case  that 
can  ever  occur,  of  wall  inclined  at  any  angle  and  earth  sloping  at  any 
angle.  They  even  include  the  special  case  of  water  pressure,  for  which 
£,  (f  and  d  =  0  and  to  =  90°.  The  theory  is,  as  we  have  seen,  free 
from  objections  which  may  be  urged  against  all  others,  and  is  thus  the 
best  that  has  been  framal.  These  three  formulae  will  enable  any  prac- 
tical case  to  be  easily  solved,  and  though  long  they  are  sufficiently 
simple.  In  any  special  case,  numerical  data  being  given,  they  become 
quite  short  and  easily  worked.  Of  themselves,  therefore,  they  consti- 
tute all  that  is  needed,  but  of  course  in  particular  and  special  cases 
they  admit  of  simplification,  and  for  each  special  case  we  may  deduce 
a  construction  founded  upon  the  formulte  which  will  enable  the  desired 
results  to  he  obtained  graphically  without  any  calculation  at  all. 

We  shall  therefore  give  the  efjuations,  deduced  from  these  general 
ones,  which  solve  the  more  important  special  cases  occurring  in  prac- 
tice, and  also  the  graphic  constructions  by  which  the  same  results  may 
be  obtained  without  calculation.  Any  one  noting  these  down  will  have 
at  disposal  the  results  of  the  method  upon  a  single  page  of  his  note- 
book, and  can  compare  results  with  those  of  other  theories. 

I.     Geneeal  Case.     Earth  and  Wall  at  any  Angles. 

For  this  case  we  have  the  general  equations  (13),  (14)  and  (15),  just 
given,  la  any  given  example  we  can  find  d  by  equations  (14)  and 
(15),  by  finding  (o  in  terms  of  o  from  one,  and  inserting  in  the  other. 
Having  thus  found  o,  equation  (13)  will  givQ  us  E,  or  the  "earth  thrust, 
which  is  to  be  considered  as  acting  at  one-third  the  height  of  the  wall 
from  the  bottom.  AVe  may  also  find  E  by  construction.  Thus,  draw 
from  the  top  of  wall  BM,  making  the  angle  a  -{-  d  with  the  normal 
to  the  line  of  natural  slope  AD.  Upon  AJ)  describe  a  semicircle,  and 
draw  MH  perpendicular  to  AD.  Make  AI  =  AH.  Then  AI  is  a 
mean  proportional  between  A 31  and  AD.  Draw  /C  parallel  to  B3I 
and  produce  to  intersection  C  with  earth  surface  BD.  Then  A  C  is 
the  surface  of  rupture.  Make  IL  =;  IC.  Then  jJICL  gives  E. 
The  direction  of  E  is  given  by  the  angle  a  +  d.  Its  point  of  appli- 
cation is  as  given  above.     We  can  now  find  the  moment  of  this  thrust 
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with  reforcMirc  to  th<'  outer  e<l^*  of  wall  and  then  detcnnine  what 
thickness  the  wall  should  have  in  order  that  its  weij^ht  may  more  than 
<!ounterl)alanee  this  moment  hy  ;ts  ;;rejit  an  execs.s  a.s  nuiy  Ik-  «lersire<l. 


'nxi, 


^''    -■■■'  y 

4^    E 


II.        KaKIII    SlKFA<  K     HoUI/oNTAL. 

Here  £  l)ecomes  /en»  in  (l".),  (1  t)  and  (1")).  and  w.-  have,  after  suit- 


ahle  reductions. 


!  /■ 


,  =  ,„„.-(  I.-,  -  M   _!ii 

V  '2/2  coe.  (a 


(a  +  (J) 


K 


tan.  a      Ir  y 


(!•>) 


[  '        sin.(a-f(>)     2 


which  latter  will   a|)i)ly  i'<n-  any  value  «•{'  «  not  eiiual  to  zero,  or  when 
wall  is  not  vertieiil. 


We  have  also 
anil 


to  =    I')  — 


tan.  <> 
or 


sin.  <f  sin.  2  a 


tan.  (a  ■  o)  = 


1  — sin.  c'  <'os.  1*  a 
tan.  a 


tan.=  (45  —  t^  ) 


(1") 


1^) 


the  latter  equation  Ihmuj^  in  ^'ner.il  nnnt  convenient  to  il«*c. 

These  e«juatioi\s  are  ([uite  simple,  and   eiu«ily  »>lve  any  esit^'  under 

this  head. 
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It  may  also  be  easily  proved  by  a  discussion  of  the  value  for  d,  that 
0=0  only  when  the  wall  is  vertical  or  horizontal,  as  evidently  should 
be  the  case,  while  for  d  =  ip,  the  wall  must  make  the  same  angle  on 
one  side  of  the  vertical  that  the  surface  of  rupture  does  on  the  other, 
or  a  =  CO.  For  any  other  inclination  of  the  wall  o  is  intermediate 
between  0  and  cp,  as  given  by  equation  (18).  We  see  thus,  that  here 
the  truth  does  lie  in  the  middle  between  extremes,  and  that  for  hori- 
zontal earth  surface,  the  as.ssumptions  o  =0  and  d  =  cp  give  correct 
results  only  for  two  definite  inclinations  of  the  wall,  and  results  more 
or  less  incorrect  for  all  others. 


Instead  of  using  the  formulae  we  may  construct  the  earth  pressure 
here,  entirely  without  calculation,  as  follows : 

Make  AD  =  AC,  and  the  angle  ADF  =  45°  —  -^.    Construct  a 

2 

circle  through  jPand  D  with  its  centre  in  AD:     Draw  6r// parallel  to 

AB.     Produce  JTA  to  intersection  /.     Then  IG  o-ives  the  direction  of 


1 


45-1 


the  earth  pressure.  Draw  AK  perpendicular  to  AB  and  make  it 
equal  to  AH.  Then  yJABK  gives  the  thrust  per  unit  of  length  of 
wall. 
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If  iIkj  wall  i>  vertical  the  <oii-tni(tioii  is  hiiii|)litit-<l-  tha- : 

>rak«'  Ah  =  Mi,  aii.l  an^rlc  M)F=  45°  —  ^  .     ConJ?tnirt    «ir- 

cle  tiirou^li  /'ami  />  with  <-«iitiX'  in  Ah.    TIkii  yAAKB  ^ives  tlintM, 
wliicli  of  coiiix'  i-  |MT|H.Mnli<Milar  to  wall. 

III.      Tui:    KaIMM    SlKFACK    HAS   TIIK    NaTIUAI,   Si/>I'K. 
ViiV  this  case  we  have 


tan.  d 


(O   =   «>()  y' 

sin.  ^  C08.  (if — 2fi 

1 — sin.  if  mi.  {if — 2a) 


or 


tan.  (a  ■  o) 


,   sin.  a+sin.  if  roe.  (if — a) 


{VJ) 
(2f») 


<'«>s.  ^'"  Wirt,  (y — a) 

K  =  r ^•""-  if— «)]'    J'  r (21 ) 

L      {Hjs.  a      J  2  COS.  (ci^  <J) 
We  rtn<I   that   in   this  wts<',  tluTefniv,  the  a.s>unipti«tn  J  =  0,  Is  (xir- 

re<'t  only  wlini  the  wall  male's  tho  angh-  a  =  45^  —    ^   with  tin*  vtT- 

ticjil,  and  that  o  =  ^'  when  the  wall  is  vrrtii-il  <>nly.  K«»r  all  otiirr 
inclinations  of  the  wall  o  is  intornuiliatc  U^twecn  <»  ami  c.  ami  all 
other  thcorii's  which  give  o  an  invariuMe  vulnc  arv  ntHt*»s;irily  in«»r- 
rcct. 


>  G 


Instoa«l  of   tho    uImivo    fonnnhc,    which    arc,    howovor.   sntlit'icntly 
simple,  wo  may  solve  the  pifsont  n»M'  als<t  l»y  otnstrntti<»n  ulonc. 
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Thus  draw  GrAD  parallel  to  the  earth  surface.  With  the  vertical 
J.C  as  radius  describe  a  semicircle  ADG.  Draw  Di'' horizontal  and 
GH  parallel  to  AB  and  then  produce  HF  to  intersection  J.  JG  is 
the  direction  of  the  earth  pressure.  Make  ^iT  perpendicular  to  AB 
and  equal  to  HF.     Then  y-IABK  =  E. 

We  can  thus  solve  graphically  those  cases  which  occur  most  fre- 
quently in  practice,  while  the  formulae  themselves  are  by  no  means 
complex.  In  all  cases  the  point  of  application  is  to  be  taken  at  one- 
third  the  height  of  wall  from  the  bottom.  The  direction  and  intensity 
of  E  being  then  known,  we  can,  for  any  case,  easily  find  the  thickness 
of  the  wall,  which  will  give  the  moment  of  stability  any  desired 
number  of  times  greater  than  the  moment  of  rotation. 

The  Reliability  of  the  New  Theory. 

And  now,  in  conclusion,  a  few  words  as  to  the  reliability  of  this 
new  theory.  Here  we  may  let  Prof.  Weyrauch  speak  for  himself:  "  It 
is,  as  we  have  seen,  based  only  upon  the  single  assumption  of  a  plane 
surface  of  rupture.  If  it  can  be  [)roved  that  this  assumption  is  correct, 
then  our  theory  is  exact.  A  conclusion  as  to  this  point  can  only  be 
reached  by  investigating  the  conditions  of  equilibrium  of  the  earth 
elements.  This  is  the  method  of  Rankine,  Winkler,  Levy,  Coiisidere 
and  Mohr,  already  referred  to.  Now  this  method  proves  that  for  an 
unlimited  earth  mass,  without  cohesion  and  with  earth  inclined  at  any 
angle,  the  above  assumption  is  correct.  The  question,  then,  reduces  to 
whether  the  same  holds  good  also  for  an  earth  mass  when  limited  by 
a  wall.  In  any  case,  we  can  say  that  our  theory  is  exact,  if  Rankine's 
theory  of  earth  pressure  in  a  mass  of  earth  without  cohesion  and  lim- 
ited by  a  ^vall  is  correct."  B(^th  theories  conduct  to  the  same  results, 
apart  from  the  d  assumption.  Ho\Vever  this  may  be,  it  can  be  proved 
that  the  theory  is  correct  at  least  for  horizontal  earth  surface  and  a 

wall  not  inclined  backwards,  i.  e.,  for  a  __  o.    We  arrive,  therefore,  at 

the  conclusion,  that  for  case  II,  the  formulae  and  constructions  given 
for  horizontal  earth  surface  and  wall  not  inclined  back  of  vertical,  are 
mathematically  exact  and  give  perfectly  accurate  results."  So  much ^ 
then,  at  least,  is  clear  gain,  and  as  this  case  includes  many,  if  not  most 
practical  cases,  it  is  well  to  call  attention  to  the  accuracy  of  our  method 
here. 

If  the  wall  inclines  back,  or  a  is  negative,  then,  without  doubt. 
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neither  tin-  new  theory  nor  any  other  holdn  <-oiiipIetely.  The  -.iirfai-e 
of  rupture  is  then  no  loie^er  :i  plane,  ami  the  e:irth  pn-sHiin-  is  still  an 
iin.s<»Ive«|  prohleni.  In  all  pra<ti«-al  e:tH«  the  (litlen-n*-*' is  hut  -li^ht, 
an<l  our  theorv  eoninicnds  itri4'lt"as  tlu- one  involving  the  t«»wt*t  assuin|>- 
tions.  S»  iniieh,  at  h-.t^t,  we  know,  that  the  ejirth  pn-^v-un.-  nnwt  be 
zero  when  the  UK-kwani  an^le  of  •'Jirtli  with  wall  a  =  -ilM)— y), 
becaiLse  then  the  earth  has  the  natural  sIo|m?,  and  would  .-Uiiul,  even 
without  a  wall. 

To  rcejipitulate,  then  : 

For  wall  vertioil  or  slant*-*!  forwani  we  may  us*'  the  m^ult.s  ot  I, 
11  i>r  III  with  c<»nft<Ienee. 

For  wall  slante<l  haek,  we  must  pr<H-»'<><l  -till  aeeonlin,;  :l- 'xihi  i.in  •■ 
or  oiLstom  may  su;;^est  or  smetion. 

The  result.s  hitherto)  ^iven  by  ohier  metlxxls  may  lie  found  fn»m  the 
new,  by  putting  <>  =  y  or  «5  =  0. 

Such  is,  in  brief,  the  new  the<»ry  of  the  reUiininj;  wall  to  which  we 
wish  t«)  dire<'t  attention.  We  have,  of  eourse,  spoken  from  a  purely 
nmthematicral  stjind|M>int.  We  by  no  mejins  leave  out  of  siijht  the  faet 
that  there  are  destructive  a^'uc'ics,  stieh  :is  water,  fn»st  and  de«-.iy.  which 
e:in  never  1h'  drilletl  into  any  formula,  and  which  j-sm  never  lie  s;itely 
disrtjpirtknl  bv  anv  engineer.  We  d<>  n«»t  forget  that  the  (-artli  mass 
is  not  alwavs  hom<»j^'neons,  and  that  the  "  ani;le  of  rejM»i"  i-  a  very 
variable  (juantity.  We  mi<;ht  ^»  on  to  eimmenite  other  di>turbinjr 
conditions  which  no  mathemati«-s  t-.m  ^nipple  with,  Imt  it  is  st":ireely 
niH't^xsarv.  The  intelH<jent  enuinet-r,  who  understands  how  his  tornuihe 
are  obtaintnl,  underst;uuls  npially  what  they  »lo  not  an<l  cnnn<»t  cxiver 
jis  well  :ls  what  they  do,  an<l  n-t-oj^nizes  those  etmditions  which  ex|H'- 
rience  onlv  can  meet.  The  only  (piestions  which  arise  an*,  whether 
he  is  U'tter  otV  with  ex|H'rien«"<'  alone,  or  with  ex|M'rien«v  y>/»w  theory- ? 
If  the  latter,  should  not  the  tlu*ory  be  lus  tree  fn»m  unnetx*vsary  ;i.ssum|>- 
tions  JUS  |K)ssible'.' 

Suspension  and  Elevation  of  Clouds.  M .  <  )ltraman-  sup|Kw^ 
that  the  altitiidr  of'  clouds  is  determin«-tl  by  the  font;  of  eU'<'tri<'al 
repulsion  l)otwe<'n  the  clouds  an<l  the  stratum  of  air  U'low  them.  If 
the  ele<'tricitv  is  unifonnly  di<triluite<l.  in  aix-^inlanc*-  with  any  simple 
fun<'tion  of  the  heij^ht,  the  hollow  sphen'  of  air  alx»ve  the  eUuuI  vsaix 
exert  no  intlu«'nce. — Comjtfti*  Rnulttjt.  C. 
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A  SYSTEM  OF  ELECTRICAL  STORAGE. 


By  Profs.  Edwin  J.  Houston  and  Elihu  Thomson. 


The  various  suggestions  which  have  hitherto  been  made  for  the  stor- 
age of  electrical  energy,  in  such  manner  as  to  readily  permit  its  after 
recovery  in  the  form  of  electrical  current,  have  failed  when  attempted 
to  he  carried  into  practice,  either  on  account  of  their  inherent  imprac- 
ticability, or  by  reason  of  the  serious  inconveniences  and  losses  due 
chiefly  to  the  following: 

1st.  The  extent  of  conducting  surface  of  tlie  storage  apparatus 
required  to  be  acted  on,  rendering  it  cumbrous. 

2d.  The  loss  of  energy  due  to  evolution  of  gas  during  the  operation 
■of  charging. 

3d.  Lack  of  constancy  and  duration  in  the  currents  evolved  after 
charging. 

4tli.  The  limited  capacity  for  storage  due  to  the  proportion  of  active 
anaterial  being  but  a  fraction  of  that  present. 

The  well-known  Plante  Secondary  battery  is  open  to  all  of  the  above 
inconveniences,  and  though  admirable  in  its  conception  as  a  piece  of 
scientific  apparatus,  yet  lacks  markedly  the  requisites  of  an  econom- 
ical reservoir  for  electrical  action.  In  the  secondary  battery,  as  is 
well  known,  the  duratioji  of  action  .is  chiefly  dependent  upon  the 
amount  of  surface  of  the  lead  plates  employed ;  the  action  of  the 
current  used  to  charge  it  being  practically  limited  to  the  surfaces  of 
the  plates,  and  the  charge  received  may  therefore  be  designated  as  due 
■chiefly  to  polarization.  Moreover,  the  charge  received  is  necessarily 
limited  on  account  of  the  evolution  of  gas. 

It  is  manifest  that  a  Smee  cell,  or  cell  with  vertical  plates,  in  an  acid 
solution,  could  not  be  used  in  the  process,  for  the  only  effect  would  be 
the  evolution  of  the  gases  hydrogen  and  oxygen  from  the  decomposi- 
.tion  of  water. 

In  the  system  of  electrical  storage  devised  by  us,  the  duration  of 
action  and  consequent  capacity  for  storage  is  independent  of  extent  of 
surface  and  dependent  on  the  mass  of  material  to  be  acted  upon. 

In  our  method  we  employ  a  saturated  solution  of  zinc  sulphate, 
enclosed  in  a  suitable  vessel,  at  the  bottom  of  which  is  placed  a  plate 
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<>{'  «o|»|MT,  to  \vlii«li  is  (•<Mitw«'i<'<l  an  iiisiilat<*<J  (lunliirtiuj;  wire.  At  or 
iHiir  tli<'  to|i  of  the  vcsH-l,  :iii)l  iinriKT^-*!  in  tin-  dilution  (-rtntainf*! 
tlKT«'in,  is  plac*-*!  a  scn-on*!  fo|»|Mr  plat*-,  or  |»latf  of  liani  <-:irlK.n,  or 
MKtal  iin(lian;r<H|  l»y  <«uita«-t  with  zinc  siil|iliat<-  solution.  an<l  K-?^  |Kt^i- 
tiv<-  than  nutallir  zinc.  Tlii-  is  aln*  coniH-f'tf*!  to  a  win-.  Th*-  stor- 
aj^c  cfll  so  (•oiistitiit<'<l  is  then  n-adv  for  rhar^rin;;,  which  i-  «'nJ-<'tc<l  hy 
the  |Ki.-vsafr<'  thron^h  th*-  cfll  ol*  a  curn-nt,  whoM?  dinvtioii  i.«  fnun  tlu- 
lower  to  the  ii|»|K'r  |>hite.  The  j-nrrent  eniploy«-<l  is  that  olitainril  from 
;i  (IvnanioH'h-etrie  nuu'hine,  and  the  result  unKJu*"*-*!  is  th<'  tieixw'ition  of 
iiM'tallie  zin<-  on  the  ii|)|H-r  plate,  and  the  formation  of  n  deiiHc  ttftlution 
t  (opiMr  sulphate  overlyinjj  the  under  plate.  The  duration  of  the 
liar)_'iii;;  aetiou  is  of  course  liniite*!  oidy  hy  the  amount  of  zine -iul- 
|»hate  ami  the  thi<-Unes<  <»f  the  lower  plate.  The  «'«'ll,  aft<*r  ehar^in^', 
constitutes  in  lact  a  irnivity  c<ll.  and  continut-s  a  wHint-  of  «'lertri«til 
current  until  a  rtH-onversion  of  all  the  e<»p|M'r  sulphate  into  zinc  sul- 
phate has  itccn  etli^-teil,  metallic  cop|M-r  Ikmu;;  <le|M>r.itc«l  on  the  lower 
plate,  an<l  tin-  dojK>sit  of  metallic  zinc  U'injr  remove*!  from  the  upfH-r. 
It  thus  may  Im-  allowe<l  to  re<^iin  its  original  c«>ndition.  The  n'<-har>:- 
inj;,  however,  niav  Ir'  eHlM-tcHl  at  anv  time,  either  ln-fon*  or  after  the  ix-ll 
lias  Inh-oiiic  inactive.  The  cell  mav  l»c  <*oveniI  or  sc-tdi"*!  to  pn-vent 
cva|K)r.ition  ;  and  siix-c  n<>  addition  of  new  material  is  im-ihii,  a  O'^to- 
i-ation  to  an  active  condition  is  at  any  time  ]Mis»il»le. 

It  is  not  nc<'<'s.><irv  to  cmplov  zinc  sulphate  a-  the  materinl  to  lie 
tlecomposcil.  since  other  metalli<-  sdts  may  sen'c  the  sune  md.  the 
only  other  re<|uisite  iM-inir  that  tin-  lower  plate  shall  yield  to  the  h»1u- 
tion  a  metal  capaMe  of  redepo>ition,  and  the  ndutioii  of  which  is 
denser  than  the  solution  employe<l  in  the  c<ll,and  that  the  tip|»er  plate 
i>c  e:ipal>le  of  nx'civinjj  a  metallic  deposit  and  <»f  n'tainin*;  its  foruj 
imchan^rtl  durinj;  prolon^jnl  use. 

.1,  I'itr-  1.  npresents  a  (t'll  of  ^lass,  or  other  suitable  material, 
lurnishcfl  with  two  metallic  plati-s,  /f  and  (',  e«MUux'ti'<l  tH'iMinitely  hy 
conductini;  wires  to  the  l»indin<;  |>ost>.  !>  and  c,  the  win*  fntm  tin*  lower 
plate  l)cin^  iusulatt^il.  .V  ixmuis  diaphnij^ni,  K,  is  plac«<«i  NOow  the 
iipjM'r  jdnte,  O,  to  pn»vent  frai^meiit.s  «if  de|Mi8itctI  zine  fnun  falling  i»n 
the  lower  plate,  which  mav  m-cur  <hoiild  the  ••harpnj;  j'urrent  Ik'  t«H> 
intens*'. 

In  <'harjjinir,  the  armnj^i'ment  of  the  etdls  in  midtiple  are  or  in  serio 
may  Im'  adapt<><l  to  suit  the  eKvtn»-niotivc  forcv  of  tlie  dylMlnlo-4^^"»•tric 
machine  employed.      The  arrauiiement  of  the  «"eMs  in  ehari:ini»  may 
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be  different  from  that  in  discharging,  according  to  the  purpose  for 
which  the  current  is  designed.  Diffnsive  action  of  the  solutions  may 
he  prevented  by  any  of  the  well-known  means  used  in  gravity  cells. 
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It  may  be  objected  that  the  economicid  results  obtained  in  the  stor- 
tase  of  electricitv  as  above  described  will  necessarilv  be  low,  as  but  a 
fraction  of  the  electrical  energy  in  charging  will  be  expended  in  over- 
coming counter  electro-motive  force,  or  in  effecting  electrolysis,  com- 
pared with  tliat  which  overcomes  the  resistance  of  the  liquid,  and  there- 
fore lost  in  heat  production.  But  this  objection  is  readily  met  by  so 
connecting  the  cells  as  to  make  their  counter  action  or  counter  electro- 
motive force  the  chief  resistance  to  its  passage.  Economical  results 
neces-sarily  follow,  the  economy  attained  being  measured  by  the  rela- 
tive cost  of  the  fuel  required  to  drive  the  dynamo-electric  machine  and 
that  of  the  zinc  and  chemicals  used  for  charging  a  battery  of  equal 
power  to  tliat  of  the  storage  battery  used. 

The  resistance  of  the  liquid  between  the  plates  of  a  storage  cell  may 
be  lowered  either  by  ])roadening  tlie  cell  or  by  bringing  the  plates 
nearer  together.  In  charging,  economical  results  are  obtained  by 
using  the  plates  com2)aratively  near  to  each  other,  aud  separating  them 
during  discharge,  and  tliereby  avoiding  loss  by  diffusion. 

A  convenient  form  of  storage  battery,  designed  for  rapid  charging 
and  discharging,  is  shown  in  Fig.  2,  Avhere  i,  i',  i",  U"  are  hori- 
zontal plates  of  copper  separated  by  insulating  rings,  TF,  TF,  the  spaces 
between  the  plates,  L,  L',  etc.,  being  filled  with  a  saturated  solution  of 
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zinc  .sulj)liat('.  Lateral  tiilw-s,  <i^  arc  j)r()vi«kMl  to  <'<>m|H'ns;ite  for  the 
ex|)aiision  <»f'  tlio  li<jiii(l  <liic  to  cliaii^cs  of  ti'iiipcraturc,  ami  al.sj  to  pro- 
vide for  filliiifr  tlie  cells.  The  ccIIrj  are  held  l»et\veen  plates  E  E  by 
holts  which  pjLss  I'ntiii  one  to  the  other.  In  this  arraiij^einent,  the 
plates  //'  and  L"  serve  a.s  nj»per  and  lower  plates,  a<vnniulatinj;  «-opj>cr 
sulphate  on  their  upj)er  .surf"ace.s  anil  receivinjj^  metallic  zinc  on  their 
under  surfaces.     'J'he  series  may  of  course  l>e  exteuile^l. 

When  a  nuniher  of  cells  are  connecte<l  in  series,  stver.il  of  them 
may  he  clKn<:in«;,  while  the  remainder  are  use<l  ;i.n  a  source  of  active 
current. 

The  most  ohvioiis  application  of  a  storaj^e  hatterv  fiirni-.hin^  a  con- 
stant anil  lusting  current,  is  to  replace  the  ordinary  telegraj>hic  hatteries; 
the  objections  to  the  direct  use  of  the  dynamo-electric  machine  l>eing 
mainly  the  necessity  for  continually  sustaining  the  driving  power  and 
preventing  variations  or  intermissions  therein ;  to  adaj>t  the  current  gen- 
erated to  the  work  to  be  done;  and  to  sustain  a  uniform  electro-motive 
force  in  said  current,  lly  the  use  of  a  storage  battery,  the  dvnamo- 
electric  machine  may  be  rim  at  suitable  intervals  to  priMluec  and  sus- 
tain the  charge  of  Slid  battery.  The  economv  and  convenience  of  this 
arrangement  will,  we  believe,  be  v;istly  greater  than  with  the  ordinarv 
batteries  in  use. 

In  lighthouse-s,  a  dynamo-electric  nuuhine  c^ui  be  run  bv  .-uitable 
power  at  intervals  during  the  day  to  furnish  an  unfailing  and  reliable 
source  of  current  for  lighting  j)ur|><xses. 

The  pin'j)oses  for  which  the  storage  batteries  may  l»e  a|)plietl  are  so 
lunnentus  that  mention  need  not  Ih-  made  of  them,  the  fejL->il)ilitv 
of  CJieh  l)oing  decidinl  by  the  (luestion  df  its  economv. 

In  domestic  econoniy  it  would  be  feasible  to  provide  stoniire  batte- 
ries to  be  charged  by  dynamo-electric  machines  from  convenient  ivn- 
tral  locations,  the  energy  of  s;iid  batteries  to  Ik*  use<l  in  the  ojH'ration 
of  burglar  and  fire  alarm  systems,  or  for  light  driving  |M»wer. 

It  is  practicable  in  goixl  forms  of  dynamo-elei'tric  ma<hini's  to  n-iil- 
ize  in  external  work  from  50  to  GO  j)er  tvnt.  of  the  |>ower  use<l  in 
<lri\ing  them.  ( )f  tlii>  we  Iwlieve  it  po.ssible  to  store  and  remver  oO 
})er  cent.,  or  even  more.  Therefore  'Jo  p^r  cent,  of  the  «»riginal  |M»\\rr 
may  be  given  out  si^'condarily  as  electricjil  current.  If  it  Ir»  a.-vsume«l 
that  in  the  U'st  steam  engines  it  is  jK)ssible  that  20  jH-r  cent,  of  the 
lieat  energy  of  the  coal  l>e  utilizi'<l,  then  about  5  i>er  ciMit.  of  the  heat 
energy  might,  we  think,  Ixi  ixvovertnl  after  storage  as  electrictd  current. 
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Notwithstanding  this  small  percentage,  the  economy  would  be  much 
superior  to  the  employment  of  zinc  and  other  materials  used   in  the 
ordinary  battery  in  the  production  of  current. 
Central  High  School, 
Philadelphia,  November  22d,  1879. 


IMPROVED  PUDDLING  AND  HEATING  FURNACE. 


By  Jawood  LrKEXS. 

Read  before  the  Franklin  Institute  at  its  meeting  Oct.  loth,  LS79. 


The  working  of  the  furnace  is  as  follows :  The  bla.st  from  a  fan  or 
blower  enters  the  ash-pit,  either  in  the  ordinary  way,  by  a  pi])e  at  one 
side,  or,  preferably,  is  blown  into  the  air-chamber,  M,  under  the  bot- 
tom plates,  and,  passing  along  through  the  chamber,  becomes  heated 
considerably,  and  at  the  same  time  cools  the  bottom  plates  somewhat, 
thus  protecting  the  working  bottom  of  the  furnace.  The  blast  may 
be  pas.sed  through  the  chills  of  the  furnace  before  entering  the  air- 
chamber,  M,  and  thereby  become  heated;  this,  however,  is  not  neces- 
.'^rv  to  the  succes.sful  working  of  the  furnace.     Of  the  blast  entering 
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the  ash-pit  a  portion  is  carried  up  through  the  grate  bars  and  tire  to 
support  combustion  in  the  fire-chamber ;  while  another  portion  passes, 
by  means  of  the  vertical  pipes  or  j)assages  in  the  walls,  to  the  air- 
chamber,  P,  on  top  of  the  furnace.  In  parsing  from  the  ash-pit  to 
the  air-chamber  on  top,  the  air  becomes  highly  heated  and  at  the  same 
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(itiu-  Horvfs  to  (•«M»I  the  Nvall>  ot  tlic  tin-<liainlK'r,  thus  protfvtinj;  thr 
hrii'k-work  l»v  keeping''  the  t<'m|>«'ratiirc  lH-h»w  what  it  othcrwis*-  \vmu1<| 
Im'.  The  air  whih-  in  th<'  air-rhaiiilM-r  on  top  Imh-oiiu-s  still  turthtr 
li('at««l  l»v  takiti;;  up  iH-iit  t'loiii  iln-  l»ri<'ks  ni'  tin-  root",  thus  kwpin^ 
tlicin  cooler  than  tht-v  otln-rwis*'  would  In-.  From  the  air-i-hainlHT  on 
top,  the  air,  hi^rhiv  hc:it<-<l,  is  tirivrn  ihrou^rh  tin-  in<'lin«-«l  tuycro  <ir 
opening's  in  tin-  ro<if.  into  the  workiiifr  ••hainlMT,  pnxlucinf;  nipi«l  cotn- 
liiistioti  of"  the  ;::5L>^'s  atul  sinok*-  |»assin;;  nycr  tin-  hritlj^'  wall  fVoni  lh»' 
lirc-chamlx'r,  and  intcns*-  lu-at  just  at  the  |H>int  wIhti-  it  is  lutiJiHl,  and 
at  tlu'  s!iin<'  tiru<'<l('fl(>ctin^;  th(.>  flame  towanis  tin'  lH>ttoin  of  tlu' working' 
rharnlK-r,  and  the  inet^d  to  Ix*  oiK'niti-*!  upon,  'I'his  deprt-Ksion  of  the 
flame  t4'nds  also  to  sjive  the  hriek-work  over  tlu*  workinjr  <hamlMT. 
The  eoml)Usti»»u  in  the  fire-ehamlnT  In-inj;  less  than  in  an  ordinary' 
furnace,  the  heat  there  also  is  less,  whi<'h  lesstMis  the  ionnation  «»f 
clinkers  and  destruction  of  the  hriek-work.  The  fon**'  of  the  hht^t 
p;Lssini;  throu^^h  tin-  coals  U-in^  less,  the  flame  <1<ks  not  strike  the  riM»f 
with  the  same  force  :ls  ordinarily,  and  c<)ns4ipiently  the  wi-jir  of  the 
liri<'ks  is  n(»t  so  ^reat  <»u  this  acc«»unt.  The  actual  result  of  thir  saviuj; 
of  hriek-work  has  Iwen  found  to  1h'  great,  the  hriek-work  of  the  fin-- 
••hamlM'r  histiu";  much  longer  than  fornierly.  liy  inesins  of  the  valve 
in  the  tuyeres  the  amount  of  the  to|>  or  si-cond.ary  hla>*t  <"«n  Ik*  rogulat<"«l 
and  proportioned  to  that  passinir  through  the  gnite  Uirs  exactiv  jts 
rcipiircd.  The  top  hht^t  eiUeriug  tin-  working  ehamlM-r,  a/»r<///j<  highly 
hcal<(l,  immediate  comhustion  of  the  ga-stw  and  free  c:irlx»n  takes  phuv, 
and  no  jus.^  results  from  free  oxygen  n':iching  the  metal  on  the  he:irth, 
JUS  would  otherwise  he  the  (nise.  An  oxidizing  flame  cjin,  however,  l»o 
produceil  l»y  working  with  a  ch-ar  tii-e.  and  thus  having  an  excess  of  air 
enter.  \\\  reason  of  the  incrcasiil  heat  pnHluc»><l  in  the  working 
chamher  of  the  puddling  furnace,  the  tirue  nnpiireti  for  the  o|ii>r.ition 
is  re<luced  and  the  furu.u'e  nui  always  Ih>  work«>«l  verv  "close,"  thu< 
preventing  waste  of  metal  front  oxitlation.  Having  the  furnaee 
always  at  the  re(piire<l  degre*'  of  heat,  the  metal  is  dn»\N  n  out  in  U'tter 
condition  than  from  the  ordinai'v  furnaic*',  uhich  fn>«pientlv  work-  too 
coM,  and  the  hall  cons4'<pientlv  g«K>s  to  pie<'es  in  the  .s<pUH'zer. 

In  pla<ing  this  improvnl  pu«ldling  and  In-siting  furnace  among  the 
valuahic  improvements  in  iron  manufacture,  the  «'laim  is  not  made 
for  economy  of  fuel  only,  nor  i-  any  <'hiim  nuide  ft»r  its  In-ing  the 
most  eetiuomicjd  in  this  res|Hvt.  Rut  the  (Minhintxl  a<lvantagi«s  <»ver 
Wnoi.K  No.  Vol..  ('VIII. — 'TiiiRi)  SrRMN,  WW.  Iii%iil.i  is 
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the  ordinary  forms  of  such  furnaces  are  deemed  Avorthy  of  considera- 
tion. The  great  bulk  of  iron  puddled  and  reheated  is  worked  in  the 
ordinary  furnaces,  either  with  draft  or  blast,  with  a  reckless  waste  of 
fuel ;  and  although  there  are  many  kinds  of  improved  furnaces,  claim- 
ing to  do  the  work  on  miraculously  small  quantities  of  fuel,  not  one 
of  them  has  been  generally  brought  into  use ;  either  on  acscount  of 
expensive  alterations  and  necessary  clianges  of  the  arrangements  of 
mills  already  built,  or  difficulty  of  manipulation  and  expense  and 
annoyance  of  instructing  workmen  properly  to  use  them,  or  for  some 
other  reasons.  This  furnace,  Avhile  being  sufficiently  economical,  com- 
pared with  the  ordinary  furnace,  to  make  a  great  saving  in  the  cost  of 
manufacture,  has  none  of  these  disadvantages.  The  cost  of  construc- 
tion, or  changing  from  the  old  furnace  to  this,  is  so  small  as  to  be 
unimportant.  There  is  no  risk  of  trouble  or  annoyance  in  making 
the  change,  as  the  furnace  could  be  used  in  the  ordinary  way  simply 
by  shutting  the  top  blast  dampet.  It  requires  no  resetting  of  furnace 
plates  or  change  of  foundations ;  no  alteration  of  the  size  or  shape  of 
the  ohl  furnace,  but  merely  rel)uilding  of  the  tire-chamber,  with  the 
addition  of  the  feNV  pounds  of  iron  work  required  in  the  construction. 
The  advantages  of  the  furnace  are  man}'^,  viz. :  A  saving  of  fuel,  of 
from  25  to  40  per  cent.  A  saving  of  ore  "  fix  "  of  from  5  to  10  per 
cent.  A  less  waste  of  raetjil-  in  puddling  of  about  2  per  cent.  A 
much  longer  run  of  the  furnace  without  repairs.  A  saving  of  labor 
required  in  workuig  the  furnace.  Shortening  of  the  time  required  for 
the  o])erations  going  on  in  the  furnace.  Better  condition  of  the  iron 
w^ieu  drawn  from  the  furnace.  Obviating,  in  heating  furnaces,  the 
evil  of  "  blowing  over  "  coal  dust,  and  obtaining  a  clean,  soft  lieat  for 
pile  or  billet,  and  thereby  to  a  great  extent  avoiding  defects  in  the 
plate  or  shape  to  be  rolled.  The  working  of  the  furnace  requires  no 
special  instruction  or  training  of  the  workmen,  any  ordinary  puddler 
or  heater  being  able  to  work  the  furnace  successfully. 

The  result  of  more  than  a  year's  use  of  these  furnaces  has  demon- 
strated all  of  the  foregoing  assertions  to  be  facts,  and  has  shown  that 
with  them,  as  compared  with  the  ordinary  forms,  more  and  better  iron 
can  be  produced  with  less  fuel,  less  "  fix,"  less  cost  of  brick-Avork  and 
less  labor  in  about  the  proportions  set  forth  above. 
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hv  K.  A.  <  niu-.i.N  ami  H.  ii.  <  hm.imck  ii. 
Au'riiiH  (.r  lli«>  Hartford  Stoim  I'.oiler  InhiMM-tiui  uiwi  lii-<iirT»nn   <  V.niiinny. 


Ill    tlic    .lolKNAl,    OF    TIIK     1'kaNKI.IN    I  N>HTI   I  K  I-.p  O.IuUt  llt-t 

apjxjirs  an  article  on  "  Stoain  Hoilcr  KA|»l<>sinii>.,"  rftVrrinjj  t<»  the  lat«' 
<liKa.-^t<!r  at  tlie  MesHrn.  Wilt  *V  S<iiis,  which  we  tlr+in*  |»artiiularly  to 
notice,  iM'nuise  it  contains  scvcnil  crroiifou-  HtatciwcntM  of  l'a«'t  a.**  to 
the  cxpl«Kl«'d  hoilcr,  and  whicli,  it-*  writn^n  ami  illustratctl,  will  c*rtainly 
jnisload  n-aders  as  to  the  particnlai-s  of  the  UiilerM  of  Mr.  ( !jun|»lM*ll, 
referred  lo  in  slid  article. 

'I'he  wi'iter  of  llii.><  nrtieje  .•*;iy>  tin-re  wne  "  iJnn-  ikik-  i"  iIh- 
Wilt  hoiler,  that  these  neck.><  letd<ed,  that  they  weiv  tiie  w«'ak«r.t  jMirt> 
of  the  hoiler,  imd  thai  tlir  hoiUr  hiir>t  at  the  ne<'ks.  The  faet.s  are,  the 
hoiler  had  Jonr  luvks,  the  ex|il(Kled  Ixiiler  sIimwitI  no  ->i>;n  of  iiiei|)i«-nl 
rupture  at  the  neck.s,  and  nit  sui'h  craeks  in  the  shi-ets,  or  "•Intire^l  or 
ln'(»keii  rivets  at  the.sc  :<eanis ;  there  were  no  known  lesiks  at  the  necks, 
and  no  evidence  of  any  on  the  shwt^  to  whieh  the  ne<'k.s  were  Mvure*!. 
Threi' of  the  iie<'ks  reinainetl  intact,  fast  to  the  upper  luiiler ;  one  of 
them  was  torn  open  hy  the  sepanition  of  the  two  Uiih-rs  dnrin^  the 
projrress  of  (he  explosion,  while  all  ol"  them  were  torn  in  the  H»li<l  [wirt 
at  and  ahove  the  an<rlcs  at  the  lower  hoiler,  and  at  no  phux*  on  anv  of 
tlu'  ne<'k>  were  tlu'  seams  parte* I,  neither  (hos*-  seams  whieh  held  tin- 
neciks  to  the  lower  hoiler.  nor  their  loni;itndinal  t?c:ims.  Th*  v  wen> 
all  sinjrie  riveted. 

The  leak  ii'lemtl  to  in  the  (lin-et  testimony  wjls  at  the  tnU-  cn«l>, 
an<l  from  a  hnak  in  the  rear  tnlw  sheet,  in  a  line  iR'twi-t-n  the  <vntn-> 
of  two  adjacent  tnl>es;  the  fractunii  part,  which  had  Ix-en  memhil  hv 
a  lap  strip  holted  (m,  pas^'d  throiiLrh  tlx^  exph>>ion  withotit  U-inj; 
distnrhe<l. 

The  writer  eoiiliiuie^  :  "The  two  new  lM)ilei>  made  for  Wilt  tV 
Son  are  coii>trn<*tc<l  upon  marlv  the  s;inu'  principle  as  that  of  tli«- 
exphxlcd  one." 

It  is  proj)er,  we  think,  to  ipialify  thi>  woni  umrhi.  The  cxiiKmIiiI 
hoiler  eonsisti^l  of  a  horizontal  tnhnlar  Ixiih-r  tilKtl  with  tiiU's,  i^n- 
ntH'tctl  at    its  top  to  a  similar  horizontal  lH>ilcr,  withoiit  ttiU'ji,  hy  four 
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wrought  iron  iieck.s ;  atop  of  thi.s  was  connected  a  horizontal  steam 
flrura  by  two  wrought  iron  necks.  The  wdter  was'  carried  near  six 
inches  above  the  middle  of  the  second  boiler. 

The  new  boilers  consist  each  of  one  horizontal  boiler  with  tubes  in 
its  lower  half,  having  the  water  carried  a  few  inches  over  the  top  row 
of  tubes,  leaving  nearly  half  of  the  boiler  for  disengagement  and  dis- 
tribution of  steam ;  over  this  boiler  is  mounted  a  horizontal  steam 
drum,  connected  by  two  wrought  iron  necks. 

The  former  is  the  type  known  as  the  *'  double-decker,;"  ,the  latter 
is  the  plain  horizontal  tubular  ty{)e,  each  provided  with  a  steam  drum. 

Referring  again  to  the  explosion,  we  are  fully  assured  by  the  results 
of  the  disaster  that  the  rupture  was  mainly  through  solid  iron,  and 
independent  of  the  known  weaker  lines  along  the  rivet  holes  of  the 
seams  of  the  necks,  showing  conclusively  that  no  initial  rupture  at  the 
necks,  such  as  stated  by  the  writer  of  tlie  article,  occurred.  The  initial 
rupture,  so  far  as  known,  was  along  the  longitudinal  seam  at  the  side 
of  the  tubular  boiler,  where  the  old  and  new  })late  joined,  and  from 
thence  went  tearing  througli  the  strongest  portions  of  the  sheets,  utterly 
regardless  of  seams,  necks  or  anything  e]se,^UKl  there  was  no  line  of" 
fracture  that  in  the  least  degree  gives  any  ground  for  the  theory  that 
the  necks  were  the  weakest  parts,  certaiidy  not  to  the  forces  in  action 

1         •  .1  1        •  MJOl     Si}    Ol 

durmg  the  explosion. 

In  all,  there  were  sixty-three  lineal  feet  of  torn  sheets,  of  which  only 
two  feet  were  along  the  longitudinal  seam  at  the  side  of  the  tubular 
boiler.  It  is  to  this  seam  that  all  tlie  evidence  points  as  the  place 
where  the  explosion  began,  the  very  place  of  all  pthers  in  the  boiler 
where  the  strains  cau.sed  by  contraction  and  expansion  of  the  sheets, 
by  the  greater  hejit  imparted  to  the  lower  half  of  the  boik>r,  would  act 
in  the  severest  manner. 

Nine  years  of  constant  use  for  a  boiler  of  well-known  qualities  for 
rapid  generation  of  stcjun,  tired  with  shavings  in  the  usual  way  by  an. 
engineer  of  known  cjirefuhiess  and  efficiency,  in  the  employ  and  under 
the  constant  su})ervision  of  the  Messrs.  Wilts,  who  never  left  any  duty 
undone,  nor  .spared  expense,  nor  ran  any  risk,  if  the  least  sign  of  dan- 
ger appeared,  but  ordered  repairs  done  at  once,  and  whose  motto  was 
"  safety  at  whatever  cost" — even  such  treatment,  in  tlie  best  wisdom  of 
man,  might  wear  out  any  iron  structure.  Nevertheless  this  /x  true;  Avhen 
in  the  full  tide  of  business,  with  every  appliance  in  the  best  of  re})air 
and  in  successful  operation,  as  reported  by  the  engineer  the  evening 
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pnvM.Ms  to  til.-  <xj.l<fr*i..n,  who  sii.l   t..   .Mi.  Will.  ••  Kv.n  thiij^r  j.m  i„ 
tip-top  onlcr,"  who  will  u\\  when  aixl  when-  ru|.iurL'  wiHU-gin  .' 

M<.nov«r,  thi.-s  iM.ihr  wa.-  «anfiil]y  ami  tlioroiijrhly  iii>|K-<tMl  l.y  u^ 
a  short  tinu-  ]>n'vi.Mis  to  th.-  cxj.lo-jon.  wh.ii  no  visible  H>cn  of  wi-jik- 
neas  maiiifcwtfMl  it-<  Ii.  Th.i,  u.,«  |ii,l.  r  n.- wa^tiii^  a\va\  of  tho 
sheels  hy  rom^ioii,  very  flight  xalr  in  t|„.  iM.il.r,  not  a  d.fwtive  rivet, 
nor  a  crju-k  to  L-  scrn.  Tli<n-  wa^^  not  iIk-  first  fvi«lfntv  of  (Idcft. 
•  ht-ty  ..r  wiaikening  vihibU-,  nor  any  <  hanp-  a-,  ix-j^ninU  silV-ty  In.ni 
what  was  fully  iiiiown  of  th<-  i>oiIrr  .luring  all  the-  |KL-.t  nine  \\-nn  of 
its  iLsc'  while  under  our  aire  an<l  insjMi-ti<tn. 

In  addition  to  tliJH  tt-stiuK.ny,  we  Jiave  the  sUitenj.nt  of  the  City's 
C'hief  Inspector  to  tht!  ffn-i't,  an.i  with  full  knowlttlgeuf  all  the  detjiiU 
of  the  expl.Hlnl  hoiler,  that  had  he  with  pn-sent  knowhtl^;c  made  jk.T- 
>^onal  examination  of  thi.>  hoihr  the  day  Infore  the  expl..^ion  he  .„uhl 
not  have  foun<l  defct  anywhere,  and  would  have  |klsnmI  the  Iniiler  a> 
saf..  un.hr  .SO  Il,s.  of  steam,  the  same  as  we  had  done,  dcvlarinjr,  aU, 
that  the  repairs  wore  pn.perly  made,  that  no  weakening  eoulil  |>..s^ihlv 
result  from  the  I,listor^*  in  thy  shfots  (jis  pn.ven  hy  all  of  then,  going 
throuirh  the  explosion  without  .hange),  that  no  def.t-tive  rivi-tii  wen- 
to  JMj  seen,  that  there  was  n<»  visible  deterioniti<.n  of  the  she.-ts,  that 
no  damaging  s<-:de  wjis  anywhere  to  L-  found,  aii.l  that  no  .ju.Mi.... 
was  nu'stnl  about  the  maimer  of  Mviiring  the  tuU-  end>. 

The  testimony  of  the  explosion  sileno.l  all  sjHiulation..  uUmu  the 
tulH's,by  .h-nionsti-ating  e..nelusivejy  thai  the.^hell  bui>t  a>under  Ufon- 
they  gave  way  ;  that  Ls  to  say,  the  boiler  was  expl.Kleil  while  tlu-  tubes 
lieM  on,  but  they  linally  yielded  to  imiva>ing  |irt^sHire  when  the  ;aiell 
WiLs  torn. 

Sin.-e  the  expIoHon.  >pe<imen  pi«^^H;,  ,.,„  \vith  and  aerisss  the  gniin, 
have  been  taken  from  eaeh  an<l  .very  sheet  for  lifting.  The  nt^ull 
given  by  eomjM'tent  men  who  .xiH-riment.tl  in  all  fairm^v^  coa>idering 
the  ehtstieity  as  well  as  the  tensile  >treii-tli.  pn.v.  ,  thai  "  n,.  i-..,!.  .-... 
I)e  found  with  the  iron"  in  this  ImmUt. 

A  writer  in  .b.i  k.  ..k  Fuank.  ].\>t.  lor  Augiw  la>i  Niys; 

'•  Th.'  proporti..n  and  o|H'ration  of  chc  two  sjifetv  vai'vt*  w.iv  all 
that  eoul.l  be  wi.lu^l.  TheeonijR'teney  and  .':m>fulnc^s  of  the  engiuivr 
was  maintainni  by  all  wiln.>s«^.  No  blanu-  ix.uhl  U'  atlaehcil  to  anv 
one,  with  any  fairne.ss,  f,,r  tln'  .xvunviur  of  this  .lisuMer." 

With  th.KM.  who  have  stiuli^.l  the  details  of  d.is  exph^^ion  i^irefully 
si'eking  for  the  truth  alone,  theiv  ,-.,u  U>  but  one  true  venli,.t,and  that 
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is,  that  the  makers  of  the  iron,  aud  the  makers,  users  and  inspectors  of 
this  boiler  have  done  their  best  tlirouijliout.  More  than  this  men  ean- 
not  do.  '         , 

The  "  Report  on  the  Explosions  of  Steam  Boilers,  in  JouRJ^AL  of 
Frank.  Inst.,  Dec,  1836,  p.  364,  .sjiys  :  "  There  can  be  ho  doubt  tliat 
the  strength  of  boilers  may  be  diminished  by  constant  aud  often 
unequal  pressure,  by  which  the  material  is  injured  so' ^r  as  to  give 
way  under  a  less  strain  than  that  which  it  may  once  have  borne.'' 
Further  on  in  this  most  interesting  and  thorough  "Report  on  Strength 
of  Materials  for  Steam  Boilers,"  August,  1837,.  p.  103,  we  find  the 
following  words,  under  the  head  of  "  Eifects  of'  Use  and  Long  Expo- 
sure on  the  Strength  of  Boiler  Iron"  :  "  This  topic  may  be  regarded 
as  one  of  the  most  important  which  came  under  the  notice  of  the  Com- 
mittee." 

It  is  subject  of  regret  that  more  was  not  done  by  the  jury  to  ascer- 
tain beyond  doubt  the  effects  of  long  use  of  the  iron  in  question  ; 
more  especially  interesting  in  this  case,  as  the  wasting  of  the  iron  by 
corrosion  was  very  little,  as  was  also  the  visible  weakening  of  the  joints 
aud  plates,  which  would  at  once  suggest  the  probability  of  molecular 
change  in  the  iron  under ,  heat  and  strain,  an  infirmity  to  which  all 
iron  under  repeated  strains  is  li^fble,  and  which  even  now  is  among  thfe- 
less  known  phenomena  of  metals.  '  "  ' 

The  tensile  strength  per  square  inch  of  the  test  pieces  cut  from  the 
used  boiler  plate  reported  by  the  Franklin  Institute  Committee, 
referred  to  above,  show  figures  ranging  from  46,000  to  54,000  lbs.,, 
which  are  singularly  near  to  those  of  the  results  of  tests  of  the 
exploded  AVilt  boiler  plates,  but  no  results  are  recorde<l  by  the  com- 
mittee of  tests  for  ascertaining  the  elasticity  of  the  metid  under  strain 
— an  essential  requisite  of  good  boiler  plate. 

No  tests  of  either  set  of  experiments  show  a  tensile  strength  less 
than  40,000  lbs.  per  square  inch,  and  with  such  material  it  is  easy  to 
figure  up  a  resistance  in  the  Wilt  boiler  of  over  300  lbs.  per  square 
inch  of  boiler  pressure  under  uniform  temperature  of  all  the  parts. 
As  this  boiler  carried  a  pressure  of  not  over  80  lbs.,  to  which  the  safety 
valves  were  adjusted,  there  would  be  still  a  factor  of  safety  of  near  4 
to  1,  which  ought  to  hold  securely  against  rupture. 

In  view  of  all  these  facts,  there  appear  two  presumptive  causes 
favoring  rupture — diminished  elasticity  in  the  metal,  and  strains  far 
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beyond  tlni^t*  of  Ixtilcr  pn-s.-jtin-,  intiiio'il  In  tin-  irrr-jrnlar  action  of  the 
h«it  upon  tli<;  Ixtiler  AuiW. 

I'lic  writir  further  sjiys  that  the  Hartford  lioih-r  I n-nrain'e  Coiu- 
{Kiny  objeet.s  to  no<ks  math' of  material  he:ivier  than  that  in  the  l>oiUT. 
\Ve  most  <'iMj)hatic:illv  do^  and  whenever  we  are  re<jiicste<|  to  sujKTvise 
tlie  eonstrnetion  of  new  l)oiU'r>  >liall  alwavs  so  dietate.  He  als<i  cit'-s 
:ui  instiinee  wliere  we  have  l)oiler>  insure<I  witli  ea.«t  iron  nec*k«.  \'ery 
true;  l>ut  he  nnist  hetir  in  mind  that  we  liave  to  take  lH>iler»  if  they 
are,  and  while-  a  eii^^t  iron  neck  is  not  a  <lefect  siinieiently  sorioa^  to 
cause  old  l)oilei's  to  be  reeonst meted  ((rsiKKMally  whore  it  is  u.«e<l  at  a 
h)W  j»ressiire  and  forlij^lit  serviec),  it  is  one  that  wearelxuind  to  reme<ly 
when  building  new  ones.  We  have  many  boiIer«  of  faidty  constnu*- 
tion  nntU'r  our  ejire,  but  that  is  no  reas<jn  for  jMTjK'tuatinjr  err*»rs  in 
the  eonstrnetion  of  new  ones.  We  are  very  \i\-m\  that  he  han  seen  fit 
to  refer  to  his  report  on  the  l>oih'rs  biiih  for  Mr.  (u'or<.'e  CamplH'll,  a** 
events  liave  transpired  siibserjuent  to  that  rejxjrt  which  s1k)w,  beyond 
question,  what  the  residt  of  his  ins{)eetion  le<l  to.  The  lx)ilors  were 
buih  by  the  Haldwin  L<H"omotive  Works,  ae«*ordinj;  to  .<;jw<'ific:itions 
furnished  by  Mr.  liarnet  Le  \'an.  who  \va<  cmploye<l  bv  Mr.  Camp- 
Im'11  as  an  e.vpert  for  that  purpo>t'.  The  Iniilers  were  of  the  tvjit 
known  as  liorizontal  tubuhir  boilers,  Tlie  lower  <ylinders  l)einp  h\ 
inclies  in  diameter  and  containlnir  50  4-inch  tuUs  ;  the  upiK-r  <vHn- 
<U>rs  were  .'>()  iiiciies  in  diameter,  an<l  they  were  c«»nne<'t<^l  bv  two  Pi- 
inch  ni<ks.  When  the  In.ilc  r-  were  finishe<l  anti  our  insixM-tors  were 
<'alle<l  in,  preparatory  to  insurance,  it  wa<  found  that  the  up|H'r  row  of 
tubes  in  tlu'  h»wer  b(»iU'r  «t:ime  within  SA  inches  of  the  top.  .Vllowiner 
for  4  iru  ln-s  of  watt-r  above  the  tul>es,  the  suifaoc  for  <h's<Mi piping 
steam  was  so  stnall  tliat  it  was  ap|»arent  to  us  that  nothing'  cotdd  kj-ep 
the  water  at  an  even  hei<jht  <»r  prevent  it  from  beini:  tiriven  alto<rether 
out  of  the  h>wer  Intiler  at  times.  We  immediatelv  (h^•line^l  to  insure 
th<'  boilers,  and  -o  informed  Mr.  (  ampbell,  who.  natunillv  desiring 
furthtr  n^ht  upon  the  subject,  refernil  the  matter  to  van'oti^  ex|MTts.  an<l 
amon^  those  so  e«in>uhe<l  w:i>  Mr.  \\-from.  :»s  -h..uii  l.\-  iIm-  f'..II.»u-- 
ing  U'tter : 

;    ,,        ,  ••  I'liii.  \i>Ki.i'MiA,  Auir.  L'*»ih,  ls75». 

"Geo.  CAMriJKi.i.,  M^^  : 

"SiU — YoiM-  K'tter  of  the  2.')th  inst.,  askini:   information  alxuit  »"er- 
tain   steam    Ixtilers,  wa>   <hily  nwiveil.      I    have  insptit*^!  the  l>oiK>rx, 
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and  submit  herewith  the  report  on  same.     Youi\  letter  contains  three 
distinct  questions,  namely,  as  follows:  irr  v>  trnr'  -. 

"  1st.  The  chief  objection  offered  against  them  is  that  there  is  not 
sufficient  room  or  space  between  the  top  row  of  flues  and  the  shell 
or  top  of  boiler,  which  will  cause  the  water  to  lift  when  in  operation. 

"  2d.  Are  the  necks  large  enough  ? 

"  3d.  Are  the  boilers  perfectly  safe  for  constant  use  on  my 
premises  ? 

"  Report  or  Answer. 

"  1st.  The  height  between  the  flues  and  top  of  shell  is  9  inches  in 
the  centre,  and  allowing  4  inches  of  water  on  said  flues  leaves  5  inches 
between  the  water  surface  and  top  of  shell.  The  relieving  surface,  or 
water  surface,  will  then  be  2*59  X  14  =  36  square  feet,  which  is  suffi- 
cient to  pass  the  steam  without  lifting  the  water ;  some  mist  or  foam 
may  rise  with  the  steam  through  the  necks^  but  that  will  at  once  be 
evaporated  in  the  superheating  vessel  above.  The  water  level  in  the 
boiler  need  not  vary  more  tlian  an  inch  or  two  above  or  below  the 
mean  level,  which  is  a.ssumed  to  be  foiu'  inches  above  the  flues.  The 
objection  quoted  in  the  first  question  is  therefore  considered  to  be 
unimportant. 

"2d.  The  necks  are  large  enough,  being  \\^  inches  inside  diameter, 
or  103"8  X  2  =  207*6  square  inches,  whilst  the  steam  passage  from  the 
drum  is  only  4  inches  in  diameter,  or  12'56  square  inches. 

"  3d.  The  question  if  the  boilers  are  ])erfectly  safe  for  constant  use 
required  a  perfect  examination  of  their  construction,  workmanship 
and  materials,  in  order  to  And  out  their  weak  or  weaker  points,  which 
examination  has  been  made,  and  it  is  found  that  the  unions  of  the  necks 
with  the  shell  and  drum  are  their  weakest  points,  or  the  points  where 
the  boiler  would  first  give  way,  or  bui-st,  under  excessive  strain.  These 
unions,  however,  are  as  strong,  if  not  stronger,  than  generally  made  in 
boilers  of  the  same  class.  The  extra  good  quality  of  materials  and 
workmanship  with  which  the  boilers  are  made  make  them  much 
stronger  and  safer  than  are  other  boilers  of  similar  construction. 

"  (Signed)  JoHX  W.  Nystrom." 

Xow  what  wa.s  the  result  ?  Encouraged  by  such  teaching  as  the 
above,  Mr.  Campbell  was  induced  to  put  in  two  of  the  boilers  as  at 
first  constructed  under  Mr.  Le  Van's  specifications,  and  when  they 
were  fired  up  the  effect  was  precisely  that  foretold  by  our  inspector, 
and  the  water,  instead  of  showing  a  variation  of  an  inch,  as  stated  by 
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Mr.  N.,  a  12-iruh  jrl}iA-<  jr.in>r<^-  ^va<  not  l«>iip  ciioujfh  to  kov\i  tnnk  of 
it,  and  no  amount  of  jMi-u:t-ion  rmiM  kii'p  tlu-  water  in  tin-  lowor 
l)oilor  wImii  HtmI  :tx  oriw-inally  int<'n<I<'«l.  Aftt-r  m-v«t.i1  iiK'tU-«-t>mI 
attempt^  to  rcnHMlv  iIm'  fifnl  <l.-f««t>i,  tho  l)oil«*rs  \v«-n-  pin*-"-!!  in  tlu- 
IuuuIh  of  tlio  Ilartfoi<l  r>oil<T  hi-innind'  <  oinpany  for  hikIi  riitniMnu- 
tion  lis  we  tlion^lit  nciosirv  to  mak«-  tlinn  work  s:iti-fa<'torily. 

The  roa<l<'r  \h  ivf<rrp«l  to  the  illn^ti-jitionx,  Fip*.  .*J  ami  4,  lienwitli 
rtpr«Klu(i-<l  from  tlic  (Ktolnr  numlM-r  of  the  .loi'UNAi.,  for  ttHnpar- 
ison.  Thrv  will  show  wliich  tln-y  r*'pr«'s<'nt.  th«'  lM»ih'P-  ori-^Miially 
madf  for  Mr.  CamplMJI,  or  thos**  now  in  um'  at  hi**  fa'ior\'. 

]■]■'.  :;.  1  ^    ; 


'IT 
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At  niir  (Jin'<tioii  tin-  \a'  \'an  hoilcrs  were  «'ntirply  ov«'rhanlf<l,  rhan^- 
iiiir  tlnir  ii-nirth  to  IM  f»H!t  instcjul  of  M,  an.l  puttin;:  in  2S  4i-in<'h 
tuht's,  li'jivini;  a  rh-ar  spa<'0  of  IS  inrlM-s  from  top  of  tul»<->  to  >hvll  ot 
hoihM'.  Wf  also  «'nlar-re<l  the  ne<k>,  t<»  sive  putting  a  man-liojr  on 
the  top  of  the  lower  lnjiler.  It  was  at  tliis  |M»int  that  we  siipnlat«-«l 
what  thij'kn*^^  of  material  shonhl  Ik*  usc«1  in  the  neeks. 

TImhh*  of  tli«>  hoih'rs.  !U<  altori'ij  nniler  the  sn|K'rvisi«>n  of  the  llart- 
fonl.  are  now  in  |)laee  and  runninir.  «rivin»;  entire  satisfaetiou  in  every 
rt\i|MH't. 

White  Shellac  Varnish.— l>i>^»lv«-  1  |»jirt  |M.-arla.-.h  in  al^.m 
S  part.-i  water,  ad«l  I  |Kirt  shellae  an«l  heat  the  whole  h»  the  l>oilin^  |Miint. 
N\  hen  the  lae  i>  tlirv«M)lvri|  nml  the  s«»liition  ami  impnirnate  it  with  chlor- 
ine until  the  la«'  has  all  sittle»l.  This  pixHMpiiutf  i>  whiti'.  hut  ihe«x»lur 
is  due  to  the  wa>hinir  ami  starehinir.  When  it  isilissHtlvwl  in  ah>»h«»l  it 
forms  a  varni-h  whieh  is  as  trans|ttin>nt  as  any  i"«>|nd  \*:irnish. —  hnri^'h. 
//./•  Zrit.  C. 
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PERREAUX'S  STEAM  TRICYCLE. 
By  Lewis  S.  Ware,  M.  E. 


It  is  to  be  regretted  tliat  up  to  the  ])re.sent  day  but  little  lia.s  been  done 
for  the  general  improvement  in  the  type  of  the  tricycle,. and  the  fric- 
tion of  the  wheels,  on  general  principles,  is  such  tliat  tlie  advantage 
over  the  bicycle  does  not  in  any  way  exist.  It  is  true  the  principles 
of  e(piilibrium  need  not  be  understood,  but  tile  animal  force  consumed 
to  cover  a  given  number  of  miles  is  an  it^uiof  the  first  rmportiuice 
when  practical  work  is  considered.  In  view  (^ the  fact  that  with  a  bicycle 
a  mile  has  been  made  in  less  than  three  minutes;  and  110  miles  in  less 
than  8  hours,  this  system  of  locomotion  is  not  without  interest.  At 
the  Paris  Exliibition  and  since,  Mr.  Perreaux  befori'  onr  eyes  mounted 
his  tricycle,  moved  by  steam,  and  evidently  a  certain  progress  has  here 
been  realized.  The  steam  bicycle,  also  an  imcntion  of  this  gentle- 
man, requires  less  power;  15  to  18  miles  per  lioui-  luis  been  accom- 
plished with  it.  The  tricycle,  that  we  will  now  examine  (see  Fig.  1),  has 
less  speed,  it  going  10  to  13  miles  per  hour.  Supposing  the  steam  gene- 
rator but  moderately  heated,  the  ])ulling  force  of  this  type  is  13*2  lbs. 
The  heated  air  from  the  geniai'i,  etc,  moves  in  an  opposite  direc- 
tion to  the  vehicle,  and  in  no  way  interferes  with  the  comfort  of  the 
rider.  The  cylinder  of  the  motor  has  an  interior  diameter  of  20  to 
30  mm.  (0'78  inch  to  1*78  inches),  with  SO  nuu.  (3T4  inches)  stroke 
of  piston.  The  distribution  of  steam  is  accom[)lished  by  a  slide-valve, 
opening  and  closing  at  ]>oints  corresponding  to  the  extreme  travel  of 
the  piston. 

The  water-pump  can  be  w»)rked  by  a  small  side  lever,  and  with  but 
little  care  the  Nrater  level  in  the  boiler  can  be  kept  constant,  or  nearly 
s<t;  it  being  sufficient  to  reguhite  the  [)ump  in  such  a  way  that  the 
amount  of  steam  utilized  and  escaping  be  replaced  by  an  equivalent 
volume  of  water. 

The  pressure  necessary  to  carry  an  ordinary  sized  man  is  three  atmos- 
pheres and  a  half.  Belts  of  cord  or  leather,  or  a  chain  can  communicate 
the  movement  to  the  wheels.  The  inventor  claims  that  he  has  discovered 
a  new  })rinciple  of  superheating  with  dry  steam,  and  of  the  transfor- 
mation of  the  latter  into  work ;  the  problem  being  to  force,  in  a  giveJi 
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time,  the  j;reate.st  aiiiomit  of  heat  into  the  Ixuler,  ron.'iequeiitly  to  trails- 
form  water  into  wet  steam,  the  wet  st«sim  into  <lrv  •.t<-am,  the  hitter 
into  lieat,  and  tlie  heat  into  work.  In  heatinjr  a  Ix.iler  eontaininp 
water,  ea<h   mokNiih'   shonhl  absorb  a  ^iven  amount  of'  (-alorie ;  th«' 
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Those  in  eontact  with  the  h<atr<l  surtiu^'  will  move  in  eonseqiirnce  of 
the  existin;;  hwal  trmjHM-ature,  :>n<l  will  rise  to  tlw  .•^urtiuxN  hvi- 
(lentlv,  uivlor   these  eiix-umstanos,  thr  molwules   that   an'   <nl)mitti'<l 
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to  the  greatest  lieat  will  be  the  first  to  evaporate,  and  will  thereby 
undergo  various  transformations,  depending  upon  this  heated  surface. 

Mr.  Perreaux  considers  that  the  intensity  of  the  heat  in  the  interior 
of  the  generator  will  be  proportional  to  a  corresponding  decrease  in 
wet  steam,  and  that  the  pressure  augments  inversely  to  the  primitive 
•densities.  To  solve  the  problem  of  storage  of  vis-viva  force  in  the 
centre  of  a  reservoir,  there  are  two  long  spiral  tubes,  coiled  in  opposite 
directions  (see  Fig.  2),  uniting  at  a  point  corresponding  to  the  distribut- 
ing pipe. 

These  tubes,  being  coiled  on  the  boiler,  will,  as  .  proved  by  experi- 
ment, yield  better  results  than  any  other  known  similar  combination, 
:as  the  storage  in  eacli  ring,  even  at  a  low  pressure,  is  proportional  to 
the  number  of  coils. 

The  inventor  goes  so  far  as  to  assert  tliat,  with  a  thermometer 
as  a  test,  the  heat  co-efficient  in  the  steam  pipe  is  doubled.  For 
■example,  the  steam  at  low  pressure  under  ordinary  circumstances  is 
82°C.  (179°F.),  and  in  this  case  is  150  to  160°C.  (302  to  320°F.), 
representing  50  per  cent,  economy  of  water  and  heat,  without  consid- 
ering that  this  type  of  boiler  requires  less  fuel  than  those  that  have 
been  previously  adopted.  At  a  pressure  of  three  atmospheres  the 
amount  of  work  that  can  be  accomplished  is  equivalent  to  that  of  six 
of  wet  steam.  By  supposing  that  the  temperature  increases  the  entire 
length  of  the  coil,  the  wet  steam  decreases  in  the  same  ratio.  Conse- 
quently the  steam,  being  at  a  higher  temperature,  will  give  a  higher 
mean  effective  pressure.  Condensation  of  steam  in  the  cylinders,  the 
inventor  contends,  no  longer  exists,  and  the  purging  cock  is  not  required. 
The  expense  of  running  the  machine  is  three  cents  per  mile  by  burn- 
ing alcohol.  What  actual  value  this  tricycle  or  its  theories  have 
remains  yet  to  be  seen.  n  f'i>9ii  9v/5fi 

(j.ru;  ,-JO  ,(Tilyxo'- 

The  St.  Petersburg  Canal. — The  projected  ship  canal,  to  avoid 
the  bar  acro.ss  the  mouth  of  the  Neva,  will  have  a  depth  of  nearly  19 
feet,  and  will  be  connected  with  a  system  of  basins,  docks  and  railway 
lines,  at  an  estimated  cost  of  $6,800,000.  ^A^hen  it  is  completed  St. 
Petersburg  will  become  the  great  commercial  centre  of  Russia,  while 
Cronstadt  will  be  exclusively  a  military  port. '  At  present  fully  two- 
thirds  of  the  merchandise  destined  for  the  capital  has  to  be  transhipped 
.at  Cronstadt  into  small  vessels. — Vlngen.  Univ.  C. 
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I'lic  multifariouH  uKt-s  whic-li  this  n'ttiurkablo  siil^mtjiiioo  !•»  ma<|p  to 
»<"rv»',  mid  wliicli  apiM-iir  t<»  he  otiistaiitly  in<T«if<iii|;,  a-*  w«'II  :t*^  tlw  i'r\rt 
tli:it  l)iit  little  is  p'licrally  kii<twii  rutioTiiitu;  its  (iirn|H)-iti<tii  dp  tlie 
inotljfxJH  ui'  pnxlii(;in)(  it,  rt'ii<lrr  it  proiiabli-  that  a  fi'w  \v<»r»l"*  irini-i'm- 
itijr  it  may  prove  of  iut«'rc*st  t«»  many  ot   our  roaih'rv. 

( 'clliiloiii,  liricHy  <l<'<iiie<J,  isa  s|K.'<'io  of"  w»lidiH«<l  ri.ii.«ii..ii.  jh-miik^^I 
l>\-  (jissolviiitr  <riin-<M>tt«tii  (pvpixvliii)  in  ••:«rnplinr  with  the  aid  of  h«-:it 
and  prcssui'f. 

The  nature  ot  tlii>  pr<Mlurt  and  the  nieth'Kls  ot  pnMidnre  .  mplnv  .^1 
in  it.s  manula«"tnre  will  !»«•  t'oniul  «les4Tilxil  in  what  follows.  |''ir-~t^ 
let  us  <levotu  a  ft'W  lines  to  an  an-ount  of  tlu'  inatt^'riaJH  cmploy<fi :  and 
hero,  as  of  prime  importani-e,  we  must  U-jrin  with  irnn-<i»tton. 

W'lu-n  etllulosi'.  or  wo<m|  tihn;  (unihr  whifli  terms  are  inchide<l  e«im- 
mon  <-<)tt<)n,  pa|>er  or  |>a|>or-|)iilp,  the  rvfiist'  of  oottnii  mills  and  vejro- 
table  fdu'e  of  every  deH-ription),  is  immerseil  for  a  few  minutes  in  a 
Itath  ('((nipos^nl  of  a  mi.xtiire  ol"  strong  nitric  and  sulphnrie  aeids,  then 
reiiiove<l  and  washeil  and  tlrii**!,  it  will  In.*  t'ound  to  have  aetinin-*!  new 
and  remarkable  (pialitii-s.  In  ext«'rnal  a|»|»«»nin«'<'  there  is  nothini;  to 
in<lie:ite  that  any  ehani;e  ha.-  taken  pla«-«>,  i>nt  when  the  n-sf  i».  ma  le  it 
will  In-  found  to  have  iHt-onie  highly  intianunahle.  and  (it'  the  aetion 
(»f  tin-  hath  has  U-i'ii  sullieiently  proloti^il  and  int«'ns«')  even  hitrhlv 
explosive.  W  (mmI  fihn',  or,  to  ^ive  it  its  proper  ehemii-:d  name.  ••<'llu- 
los<',  thus  treatol,  is  s;iid  to  have  Ihi'U  nitrated,  anil  the  ri>^idtant  pn»- 
duet  is  t«'rme<l  nitroH-ellulose,  pyroxvlin,  or,  pn»|H'rlv.  irnn-<H»tton.  The 
latter  term  is  ^iven  t«»  it  Ihi-suis*',  when  pro|>erly  prep:in"<l.  it  ejin  Ik* 
iisc<l  as  a  huhstitute  for  ^iin|Mtwder.  havin>r  explosive  ({naliti«*s  o<nsid- 
enilily  greater  than  tin-  latter.  A  nundn'r  of  >ulistan«i>*  JM-^idt-i  •I'llii- 
lose,  when  treate<l  in  tin-  manner  alM)Ve  «les<'rilie<i.  ac^ipiire  <iniilar 
itdlammalde  or  exjdosive  pro|-»'rti»"s,  amoni;  whieh  mav  U»  nam***! 
su;i;;ir,  staixh  ami  ^lyivrine  ;  the  nitn>-<*om|Ktnnd  of  the  last-nam«*il 
8ultstanei>  Ikmu^  nothing  elsi>  tluin  that  most  terrible  hihI  enertretir  of 
ku<»wn  expKksive  ajjents — nitro-^|y»vrine. 

iicsides  ae(piirin<;   inflammable   and   explofiive  pnt|M'i-ti»>,  our  <>i»tton 
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(supposing,  for  the  sake  of  illustration,  that  we  have  used  this  common 
form  of  cellulose),  after  treatment  as  abov6  described,  has  taken  on 
another  quality,  namely,  that  of  ready  solubility  in  certain  menstrua 
which  are  utterly  without  action  on  common  cotton.  For  exam])le,  it 
will  be  found  to  gelatinize  and  quickly  disappear  in  a  mixture  of  alco- 
hol and  ether,  forming  a  thick,  transparent  liquid.  This  is  the  same 
material  used  by  photographers,  who,  in  taking  a  picture,  fii*st  spread 
a  thin  film  of  this  solution,  called  collodion,  upon  a  glass  plate.  The 
ether  and  alcohol  being  volatile  quickly  evaporate,  leaving  behind  a 
thin,  smooth  and  tenacious  membrane  or  film  of  gun-cotton,  which 
serves  as  the  medium  of  holding  the  sensitive  silver  compound  used  in 
taking  the  photographic  image.  It  is  upon  this  property  of  ready 
solubility  of  gun-cotton  that  the  manufatctHre  t)f  f  celluloid  "  depends, 
as  we  shall  ]>resently  see;  and  the  secret  of  its  production  depends 
upon  the  fa(!t  that  camphor,  like  ether  and  alcohol,  will  readily  dis- 
solve gun-cotton.  Prof.  Seely,  so  far  as  the  writer  is  informed,  was 
the  first  to  observe  that  gun-cotton  would  dissolve  in  an  alcoholic 
solution  of  camphor,  and  the  brothers  Hyatt  after  many  experimental 
trials,  succeeded  in  perfecting  and  pat-enting  a  procedure,  whereby 
camphor,  with  finely  pulped  gun-cotton,  is  made  to  exert  its  solvent 
effect  upon  its  substance,  with  the  aid  of  heat  (fusion)  and  ])ressure  in 
a  closed  chamber  (to  prevent  the  volatilization  of  the  camphor).  The 
following  is  an  abstract  of  their  method  : 

Gun-c<itton  is  ground  in  water  to  a  fine  pulj)  in  a  machine  similar 
to  that  used  in  grinding  })aper  {^ulp  ;  the  pulj)  is  then  subjected  to  power- 
ful pressure  in  a  perforated  vessel,  to  extract  the  bulk  of  the  moisture, 
but  still  leaving  it  slightly  moist  for  the  next  operation.  This  consists 
in  thoroughly  incor})orating  finely  comminuted  gum-camphor  with  the 
moist  gun-cotton  pulp  in  the  condition  last  named.  The  proportions 
employed  are  said  to  be  one  j)art  by  weight  of  camphor  to  two  parts 
by  weight  of  the  pulp. 

With  the  camphor  and  pulp,  the  patentees  further  state  they  also 
incorporate  any  pigments,  coloring  matter,  or  other  materials  that  may 
be  adapted  t<:)  the  requirements  of  the  articles  into  which  the  product 
is  to  be  manufactured. 

The  mixture  of  pulp,  camphor  and  pigments  having  been  made, 
the  next  step  is  to  subject  the  mass  to  powerful  pressure,  in  order  to 
expel  from  it  the  remaining  traces  of  moisture,  and  incidentally  to 
effect  also  the  more  intimate  contact  of  the  camphor  with  the  pulp. 
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Tin.'  dried  and  «-uiu|»i'f^>«il  iiut-v-  in  lU'Xi  phuv*!  in  a  inuulii  <»|M'n  ai  the 
top,  into  wliirli  litn  a  nolid  pliinj;tT.  'J"li«-  vc-r^.M.-!  i.-  ut-xl  pla<*»tl  in  a 
liydraulic-  (or  otluT)  pnis.^,  ami  lieavv  prejwure,  ap|ili<-il  lo  the  plunj;«*r, 
is  brought  Ut  Ixiir  upon  tin;  mixture.  \\  Idle  tlni>  und»'r  prer««ure  tin- 
mixtiin-  i.«>  lieate*!  I>y  uieiias  of  a  >t«5ini  jacket  ^urrountlinjr  tin- 
<-liandxjr,  or  l)y  otli(»r  nitiiiMs,  to  a  tenijx-r.iture  of  al*«»ut  .JiM)  Falir.  ; 
at  thin  teni|M-r:ttun-  tin-  (-:tin|ilior  tn.^e^  and,  itf<  volutilixati'Mi  iK^inj: 
impossible,  tlie  nieltol  jrimi  dL-«soh*epi  tlie  j;un-<'<»tton  pulp,  <>r. 
to  \i^c  tbe  \vi»i\l>  ot  tlie  paleut'fH,  "  ojnvert.«*"  it.  Tin;  jKitenti-o  lin- 
thor  Htate  that  the  pHK-esM  of*  tnui^iormation  i;^  rapidly  efltriwl  when 
the  ri^ht  teMijM-ratinv  is  reaehe<l,  autl  the  |ir<Mlu«t  whieh  result?-  in  tin 
liomo^^-neous  soiidilii'tl  <-olKKlion,  known  as  ctdluioid.  .Vftir  the  nui^s 
i.s  taken  from  the  j»iv>s,  it  hardens  and  acijuin^  the  «xtraonlinarv 
tou^hnesrt  ami  uhtstiiMty  which  aro  tJie  dit<tin^uisliin<;  <-haracteristio  of 
the  pHKluet  ;  and  one  ol"  the  most  notiMvorthy  eireiun-taruv^  eoiuie<;t<Hl 
with  it  is  tin-  fact  thai  a  larp*  porticti  «»f  the  *^ni|»hi»r  which  it  <-<»n- 
tains  appeair-  tu  \ni  permanently  hehl  t»r  «-«»mbin<-<l  with  it,  it  w«-  nwy 
use  this  con\cijient  (though  not  strictly  c»»rrect)  tcrui,  >«•  that  it-  prop- 
erty of  volatiliz-iiion  when  exposi-d  to  the  air  is  pi"actie«lly  arn-ie«l. 

There  are  ."^evend  varieties  or  intxlitiusitions  of  the  alNive-nanieil  pn»- 
ttKlure  which  wouUl  requin^'  t^o  much  of  our  s|»ae<*  to  detail.  The 
process  c<jmmonly  eiupl(»yed  in  the  pHnluction  of  celluloid  is  sul^tan- 
tially  that  which  we  hav«'  >riven  :  and  the  <'n«llcss  varietv  of  odor, 
that  th«-  products  of  celluloid  |m)-.scss  are  obtaineil  simpiv  bv  projH-r 
.•idmixturcs  (»f  piirnieuts  in  the  oper.iticMi  <»f  it>  manufai<'tiire  ;  uiottUil 
and  other  |>ecidiar  ctU-cts  re«|uire  s|»e<'ial  manipulatiou,  whi«"li  our  iivh- 
nical  rea«ler>  will  rmt  tind  it  ditlicult  to  imderstand.  It  .should  Im- 
reiuarke<l,  also,  that  the  tvlluloid  made  Jt-.  alwive  »leiaile<l  iran  Ik*  n-n- 
deretl  plastic  a<;ain,  and  r.-i.!..!.!--!  im..  oiv  .l.-^ii,..!  ^1,-,|m'  \viili.»iit 
further  adilitions. 

As  to  the  appli(*ations  ol  (viluloid,  they  an-  ityiou,  and  we  nui  onl\ 
name  the  nioiv  pnunineiit  of  them. 

A«  a  substitute  tor  ivory  it  is  |>«'rhapr«  U'.st  known.  an<l  ha-  Ih?cii  *» 
sucMies*^ful  as  to  have  Uvn  for  many  uses  to  which  this  ^tuit-taiMv  wa- 
formerly  j)ut  so  ext^-nsivdy  <ul»>tituictl  for  it,  as  to  have  made  seriou> 
inroads  upon  the  business  ot"  the  iv«)rv  importers  and  workers.  .S» 
}>erfect  is  the  n-scmbhuuv  «»f  celluloid  to  ivory  that  a  cl«»*o  ins|)ection 
is  re<|uin>«l  t(»  tlistiuiruish  the  «"ountcrfeit  from  the  pMuiinc.  The 
alxsemv  of  '*  irnun"  is  perha|>s  the  readii«st  |Kvuliarity  bv  which  ir<M»<l- 
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of  celluloid  may  be  detected,  but,  for  all  practical  purposes,  it  is  not 
only  as  good,  but  also  in  some  respects  better  than  ivory  for  all  the 
uses  of  that  sub.^tance.  It  (celluloid)  possesses  not  only  all  the 
strength  and  elasticity  of  ivory,  but  it  does  not  warp  nor  discolor  with 
age. 

On  these  accounts  it  is  now  largely  used  in  place  of  ivory  in  mak- 
ing piano  and  organ  keys,  billiard  balls  (said  to  be  equal  in  elasticity 
to  those  of  ivory),  combs,  backs  of  brushes  and  hand  mirrors,  plates 
for  ivorytypes,  frames  for  looking  glasses  and  portraits,  handles  for 
knives  and  forks,  whips,  canes  and  umbrella.s,  and  other  objects  too- 
numerous  to  name  for  which  ivory  is  used ;  and  not  the  least  of  its- 
advantages  as  a  substitute  for  this  substance  is  the  fact  that  it  can  be 
molded,  a  property  which  renders  it  possible  to  reproduce  the  most 
delicate  and  elaborate  decoration  on  the  articles  fashioned  out  of  it  at 
a  fraction  of  the  cost  of  similarly  ornamented  goods  of  ivory,  and  some 
of  the  other  materials  imitated. 

Hard-rubber,  it  is  sjiid,  is  able  on  account  of  its  cheapness  to  hold 
its  own  against  celluloid  very  well ;  but  tortoise  shell,  malachite^ 
amber,  pink-coral,  and  other  costly  and  elegant  materials  are  so  suc- 
ce.'«fully  imitated  that  an  expert  must  look  sharply  to  detect  the  original 
from  the  co|)y.  In  imitation  of  tortoi.se  shell,  it  is  made  in  such  arti- 
cles as  combs,  card-C{i.ses,  cigar-cases,  match-boxes,  napkin-rings,  etc. 
The  pink-coral,  .so  popular  for  jewelry,  is  admirably  imitated,  and  the 
imitation  sold  at  prices  considerably  below  tho.se  of  the  genuine  arti- 
cle; and  the  .same  may  be  .said  of  articles  imitating  malachite  and 
amber.  Mouth-pieces  fvr  pipe.s,  cigar-holders  and  musical  instruments, 
cleverly  substituting  the  last  named  are  quite  common. 

Celluloid  is  u.sed  also  as  a  substitute  for  porcelain  in  making  dolls' 
heads  that  will  stand  any  amount  of  hard  usage.  It  is  used  in  place 
of  tortoi.se  shell  and  hard-rubber  for  the  frames  of  eye-glasses,  specta- 
cles and  opera-glas.ses,  for  shoe-ti])s  in  ]ilace  of  metal,  for  martingale- 
rings,  emery-wheels  and  kiiif('-shar|)eners.  The  latest  thing  in  cellu- 
loid, and  certainly  the  most  novel,  is  its  use,  in  combination  with  linen, 
cotton  or  pa[)er,  for  shirt  bosoms,  cuffs  and  collars.  These  gO(»ds  are 
po.s.se.s.sed  of  a  lustre  which  very  cleverly  imitates  that  of  freshly  laun- 
dried  linen  ;  they  are  remarkably  .strong,  ela.stic  and  durable,  and  are 
completely  impervious  to  moisture,  and  of-  course  to  perspiration. 
When  soiled  they  require  only  to  be  wiped  off  with  a  moistened  sponge, 
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or  cloth,  t(»   have   their  Irohiic.-w  rc'«tore<l,  ami  cau  l)0  mjide  to  <!••  mt- 
vi('<;  for  a  lon^  time. 

W  hat  now  iim-s  lor  thi>  cxtraonlinarv  iin»<lii<t  the  riitiiri'  ruav 
(lov<  loj)  MO  one  knows,  hut  it  is  t>afe  to  nay  from  what  luin  aln-miv 
Ikh'ii  a<lii(V«'<I  with  it,  that  its  |»r<Mhiction  is  <K-s4Tvin^' ofa  rank  U■^i^le 
that  <»f  viih'5ini/4'«l  nihlK-r,  jw  one  of  tlie  most  remurkahie  inveiiiioii.w  of 
the  ajfo. — Jutirniil  of  ImluMfn/. 


rifi-:  ALi.Kci:!)  im:(  oMposmov  (»i'  <  hloimvi.: 


I>i.  If.  KiKl.-maiiii,  who  has  written  an  artirlc  in  the  'Moiirnul  of 
thf  Anuri<an  ('hcniicjil  S<Kiety,"  entith-^I  **A  R.vitw  ..f  the  I^it»*t 
Tnvpstij^tions  on  the  Diss<Hiation  of  th.-  Kh-ments  at  IIIl-Ii  T  ihjm  r- 
atiircs,  piihlishw  the  f.iMowinjr  h-tter  from  Trnf.  M,  s. 

•  /i  IM<  ir,  <l.  I'M  Spt..  1S71>. 
"Skiik  (;kkiii:ti:u  IIkim:  In  Krwi.Merunir  :mf  I|,r  in-^hrtw 
SelinilMii  v(.iM  IJ  S|)t.,  tlieih-  i<h  lliiien  mit,  .hts.^  «lie  .Mittheihn»tr.-n 
(Icr  .•nMlis<hrii  .I(.nniale  ueher  nieiiie  ArU-iten  welehe  nelx  r  ( i«win- 
inui'Tvon  SanerstotrausC'hh.r  IxTiehton.  <ihne  niein  WiwH'n  nmi  L'«nren 
nieinen  Wilhii  venHtlentliflit  sin<l.  utul  <las  <h'.s«-  .MittheihniL'<  n  in 
\vesentli«'hen  I*unkten  v«M-lliir  inkorrekt  sind. 

"  lIcMhaelitunpiVoIl,  l»mf.  N'htmh  Mkyki{." 

[Ti:ANsl,ATlnN.J 

"  ZiRH  If,  iSepteniluT  2M,  IM7!». 
"I)k\I{  Sik— In  r(|)l\  to  your  favor  of  S-ptcniUr  12th,  I  w.miUI 
state  that  tlie  eoniniunimtion.s  in  the  English  journals  <-on«vrninir  mv 
invoHtij^itions,  which  re|H)rt  the  Ncpanition  of  o\v>r<n  Inun  chlorine, 
have  been  puhiisheil  without  mv  knowledi^  ami  apiinst  njv  wi<h«'s. 
and  that  the  sjiid  coniniimiciition<  an-  entiivly  im-firriHt  in  »-- ^-ntial 
particulars.  Kesptctfidiy,  I'litf.  \'nTni:  Mk^ki:.' 


Telegraphic  Feat.     Not  Ic^v-  than  J 1  "i  dt>p;itclu -,  avenigiug  ou 
W(.rd-  .a.  h,  ut  IV  miu  in  one  hour  over  a  ^in^jlc  wire,  iHtwrt-n  I^.nd<.n 
and  Uirnnnirham,  hy  inc:ins  of  a  «piaduplc.\.      I'<.rls,h.  </.  /. ,/.      C". 
Whole  No.  Vol.  CVIII.— (Tiiird  Skrics,  Vol.  Ixxviii,  29 
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BLAST  FURNACE  SLAG. 


Scattered  throughout  the  iroii-making'  districts  of  Great  Britain  are 
many  million  tons  of  scoria,  or  refuse  from  the  blast  furnaces,  which  is 
technically  known  as  slag.  This  slag  goes  on  accumulating  at  the  rate 
of  nearly  eight  millions  of  tons  per  annum,  its  bulk  being  some  three 
times  that  of  the  iron  from  which  it  has  been  separated.  It  forms  a 
heavy  encumlH-ance  to  iron-masters,  demanding  the  purchase  of  large 
tracts  of  land  whereon  to  deposit  it,  the  investment  being,  of  course, 
wholly  imremunerative.  There  are  one  or  two  exceptions  to  this  rule, 
as  at  the  Barrow  Hematite  Iron  Works,  where  the  slag  is  tijjped  into 
the  sea  and  serves  to  form  land  for  the  Avorks,  and  at  Middlesbrough, 
where  some  of  the  iron  works  supply  slag  for  the  construction  of  the 
breakwater  and  retaining  walls  in  the  river  Tees.  The  quantity  thus 
utilized,  however,  on  the  Tees  is  but  about  600,000  tons  per  annum, 
Ibrming  only  a  small  proportion  of  the  whole  yield  of  the  district.  In 
some  cases,  where  the  iron  works  are  conveniently  situated,  the  slag  is 
carried  out  by  barges  and  tip])ed  on  to  banks  at  high  water  to  form 
retaining  walls  or  to  reclaim  land,  being  thus  got  rid  of.  But,  as 
a  rule,  the  labor  and  capital  expended  upon  this  unproductive  substance 
tell  heavily  u})on  profits.  No  wonder,  then,  that  from  the  first,  persist- 
ent efforts  have  been  made  either  to  utilize  it  or  to  get  rid  of  it  alto- 
gether. In  early  times,  slag  was  broken  up  by  hand  and  used  for 
road-making,  and  it  so  continues  to  be  used  where  it  can  be  had  with- 
out a  heavy  cost  for  transport ;  but  there  is  only  a  limited  demand  for 
it  for  this  purpose.  On  the  Continent,  where  stone  is  scarce,  slag- 
plays  a  prominent  part  in  road-making,  as  in  Silesia  and  other  simi- 
larly situated  districts.  Another  direction  in  which  many  attempts 
have  been  made  to  utilize  slag,  both  at  home  and  abroad,  is  to  adapt  it 
for  constructive  purposes,  and  various  schemes  have  been  devised  for 
transforming  the  highly  refractory  slag  into  bricks,  sand,  and  other 
materials  for  building.  Some  of  these  schemes  have  proved  succcessful 
within  certain  limits ;  but  the  peculiar  nature  of  the  slag  has  more 
generally  led  to  failure,  owing  either  to  the  difficulty  of  dealing  with 
it  <»r  the  attendant  expenses.  Among  the  most  prominent  living  sci- 
entific investigators  of  the  question  was  ]\Ir.  Bessemer,  and  about 
fifteen  years  since  Mr.  John  Gjers  devised  a  method  of  granulating 
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«la^,  the  .sjiml  pHxhieo  l>einj;  u.^^tnl  in  placf  of  .'iilicious  .sand  on  the  |>i>: 
l>wl.s.  The  jn-actice,  however,  w:u^  (lis<<»Mtinu<'<l  ni'ur  a  time,  for  teeh- 
UHii]  rwLson.s.  Several  otiier  praetioil  nun  have  taken  an  aetive  |i:irt 
in  endejivoriiiK  to  .stilve  the  shi;^  dithetilty,  among  them  Ixjinj;  Mr.  I). 
.I«»v,  Mr.  T.  Ii<'Il,  Mr.  Liirniann,  and  .Mr.  H(»mer.  S.me  tinn'  ^uu\- 
Mr.  Charhs  \\'«mm1,  of  .Middl«-sl>r<>u^diH)n-'r«'i-s,  dire<-tM|  hi.s  attention 
to  tlie  utilization  of  this  nnprrnhietive  mat4rial,  and  afti-r  alK»nt  five 
voars  of  ejirefnl  stndv,  I'.xperiment  at»d  pnicti*^!!  ri-H'areh,  lie  ha»*  snr- 
<'eeflo<I  in  elli-i'tin^  the  nniversion  <»f  l»liL"^t-f"nrna<v  >\im  into  varions 
forms,  and  in  a|>)»Iyin^  it  to  wvend  inchistrial  pniivises  n|Mm  a  prae- 
tieal  and  (■i>nitnercial  (*«ile.  At  the  time  when  he  Htarte<l  njx.n  hi- 
investifTJitioiis  there  wa.**  no  in^tane*-  of  ulap  Ixin^  m.innfaetnrnl  into  a 
er»mni<'reial  eommoditv  in  this  eonntrv,  it>*  only  known  appli«-:ition 
JK'in^  that  of  road-making.  .Mr.  W'o^mI,  jiowevrr,  hrt**  wieewileij  in 
utili/inir  it  for  the  nnmnfartnre  of  hnildinjr  l»riek>,  «-i»nerete,  o-ment. 
mortar  and  sla^-wooj.  'llir  variou.^  pror«>»-<-s  of  i-«»nvei-si(tn  and  mann- 
tlietiire  an-  (arricij  on  niidtr  Mr.  Wo4id'.s  management  at  the  Cleveland 
Sla^  Works  at  M iddlohi-ontrh^  wliicji,  t<Hj«ther  with  llie  adjoining; 
'IVes  Iron  \N'()rks,  JMlonir  to  Mes-^^rs.  tiilke.--,  W  il.»;on,  Prti.M-  tV  Co.,  of 
which  latter  work.«  Mr.  Wf»o<l  ia  alw>  tlie  mana^r,  and  whenw  tJie 
.slag  is  ohtaintnl.  In  followinir  the  hitjhiy  inten-stinp  pnxxsws  of 
conversion  eons<'Cutively,  we  nnist  first  take  <»nr  rwwlers  to  the  iron 
works,  where  the  slaj;  is  rnn  fr<»m  the  hiast  funiaeoH  into  two  <litlerent 
maehinert,  one  of  whieh  pnKliKt's  a  coarse  kind  of  shingle  an<l  the  other 
a  tine  sand.  l''or  making  >hing!e  the  litpiid  slag  is  nut  dinit  fn>m 
the  Mast  fnrna(vs  on  to  a  cireular,  horizontal,  rotativi*  taMe  <'omp<^i«^l 
of  tliiek  .<«lalx  of  iron  kept  cool  hy  liaving  water  cirenlateil  thronirh 
them.  The  tahle,  whieh  revolvt-s  slowly,  <':irries  the  slag  n>nnd  to  a 
certain  point,  hy  whieh  time  it  has  .^)liditii><l.  At  that  ))oint  it  enntun- 
tors  a  stream  of  water,  whieh  fnrtlur  cools  it,  :unl  .soi»n  after  it  conu*s 
agjiin.st  a  set  of  scra|H»rs,  which  hn':ik  it  np  and  clear  it  off  the  tahle. 
<lelivering  it  int«>  wagons  plact-tl  Ulow,  whieh  convey  it  away. 
J'or  pnxhuing  shig-sjind,  tin-  <lag  is  run  from  tiie  Mast  turnao*  into 
a  hollow  will  (I  revolving  n|H»n  a  horizontal  axi.s  and  fitte«I  with  imn 
l)U(k<'ts  inside.  \  Iwith  of  water  is  niaintainetl  inside  the  wluvl  at  the 
bottom,  and  is  kept  in  a  stat«'  (»f  vioKnt  agitation  l»y  the  rcvitlving 
action.  As  the  molten  slag  enters  the  UhIv  of  water  it  \»  ininn>«liately 
4lisintegn\te<l  and  a.ssnmes  the  f«»rm  of  sand,  the  water  taking  up  the 
heat  from  the  molten  slag  and  giving  it  <ttf  in  the  shai>o  of  steam.     A 
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constant  flow  of  water  is  maintained  into  the  macliine,  and  the  sand  is 
separated  from  it  and  elevated  to  the  top  of  the  machine  by  the  bucket 
plates,  which  are  perforated.  Arrived  at  the  upper  part  of  the  machine^ 
the  slag  sand  is  dropped  into  a  spout,  and  thence  finds  its  way  into 
wooden  wagons,  by  which  it  is  conveyed  to  the  slag  works  for  manu- 
facture. lB9'fd  oi  iosfdus  jori  sir  ha&  .nohnovl  rr' 

Tlie  slag  works  occupy  a  main  building  120  feet  long,  50  feet  wide,, 
and  five  stories  high,  with  basement  beneath,  and  engine  iiouse,  boiler 
hoase,  and  other  accessories  annexed.  This  building  was  constructed 
of  slag  cement-concrete,  composed  of  four  parts  of  slag  shingle  to  one 
part  of  cement,  and  it  forms  a  very  solid  and  comparatively  indestruc- 
tible stru{!ture.  The  slag-sand  is  brought  here  from  the  blast  furnace 
and  is  tipped  into  stores  below,  whence  it  liable  vated  to  the  top  floor 
by  means  of  a  hoist,  which  is  fitted  with  an  ing(^hious  automatic  safety 
brake  designed  by  ^Ir.  W'ood.  The  special  mauofacture  in  this  buil- 
ding is  that  of  brickis,  and  in  e8iriy!iing'tbisr(0uJHitw(d''*i3lacbinesiare  used^. 
one  having  been  designed  by  Mr.  J.  J.  Bodmer  and  the  other  by  Mr. 
A^'ood.  For  the  Wood  machine  the  sand  is  delivered  into  a  liop})er 
through  a  coar.se  screen,  which  retains  any  pieces  of  slag  or  other  sub- 
stances which  may  have  fouiud- itheir-wajf  intoitJbiiQ  sand.  ;  Arrived  at 
the  floor  below,  the  sand  is  autoiiiatically  tneasured  on  a  revolving 
cvlindcr,  divided  on  the  outside,  an<.l  j)laced  at  the  bottom  of  the  hopper.. 
From  another  hopper  selenitio!  lime  in  poWder  is  also  measured  by  a 
similar  contrivance,  and  tlie  two  substances  unite  in  one  shoot,  where' 
thev  become  mixed  in  the  proportion  of  ten  parts  of  sand  to  one  of 
lime.  The  mixture  is  carried  down  a  hopper  into  the  ptig-mill  of  the 
brick-making  machine,  where  the  two  substances  are  further  incorpo- 
rated. This  machine  was  designed  by  Mr.  Wood,  and  is  the  outcome 
of  considerable  experience  with  another  machine  to  which  we  shall 
presently  refer,  and  which  it  has  to  some  extent  superseded.  Mr.. 
Wood's  brick  machine  has  a  horizontal,  circular,  rotating  moulding 
table,  which  contains  six  pairs  of  moulds,  four  bricks  being  pressed  at 
the  same  time.  During  the  time  of  pressing— which  is  effected  by 
direct  mechanical  pressure — the  table  remains  stationary,  and  the  same 
time  four  other  moulds  are  being  filled  and  the  remaining  four  are 
delivering  the  pressed  bricks.  As  they  are  delivered  they  are  taken 
off  the  machine  by  two  girls  and  are  remove<l  to  an  air-drying  shed — 
the  machine  ])roducing  from  11,000  to  12,000  bricks  per  day.  There 
they  remain  for  a  week  or  ten  days,  after  which  they  are  stacked  in. 
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the  open  air  t<>  lianlcn,  whioli  occupieH  anoUR-r  five  wc-eks  or  mj,  when 
the  hricks  an-  nwlv  for  thf  market.  Tin-  hrij-kn  tlm.s  prfMltut^l  are 
verv  ton«rh  ;  thcv  <io  not  .-plit  wlifii  a  nail  i.-  «lriven  into  them,  an«l  are 
Jarfr<'ly  use<l  tor  interior  work,  tor  which  they  are  w<ll  a«iapt<il  tronj 
the  repiilaritv  of  their  ><nrtae«-  and  oth«'r  <]nahti<w.  'J'liey  tin<l  a  ^roo^l 
market  in  London,  and  are  not  snhjert  to  hrfaka;;e  in  tran-it.  Ae<.-«jnl- 
in^  to  a  oerh'tiiate  re<»ently  issued  from  Kirkiddv's  te:>tii^r  work.s,  tKinie 
l)rieki<  taken  from  a  Htoek,  three  years  old,  were  not  eriL^heil  until  a 
|)res.«jnre  of  2\  ton^  liail  l)een  rearhetl.  Otheivj  taken  from  a  stoek  tour 
months  old  were  erushed  with  niui'  tons  pre-.sun;,  thus  Hiiowin<;  not 
only  umisnal  toughness  and  Htrengtli,  i»ut  tluit  they  were  greatly 
improved  l»v  a<r<*.  ^N'e  thus  have  the  <uriou-<  anomaly  <»f  hrieks  heinj; 
made  without  huriiin*^  and  of  a  wet  s«;isun  Uinir  tavoral)li.'  to  the 
iiardenini;  proecKs.  The  Heeond  machine  at  the  Cleveland  Slajr  \\  ork.s 
i<  tli;it  of  .\fr.  .1.  .1,  H<Mlrn»r,  and  was  the.  tir.st  one  put  uj)  at  tin-  work.s. 
Jt  is  worked  l>v  hvdranlie  ]K»wer,  and  has  a  horii^jntal  revolvin;^  tahle 
with  twelve  motdds.  'J'he  H\a^  sand  ainl  the  lime  are  mixetl  on  their 
way  to  the  ujaehine,  but  the  ma(!hineiy  for  etle<ti!J«r  the  mi.xin);  i« 
more  eomple.x  than  that  uhhI  for  Mr.  \\'o(Mrs  muehine.  J'he  mte  of 
production  in  the  Jiodmer  pre.*s  i.s  al»out  the  Kime  as  in  the  \\<>«k1 
machine,  th<'  <listinctivc  ditlerence  between  the  two  pruscie^  l)einf  that 
the  former  is  workcnl  bv  hvdranlie  power,  an«l  the  latter  bv  dinn-t 
mechaniral  pre.-«sure,  Mr.  \\  «iodV  maeliine  pos<essiu;r  .-everal  advjui- 
tages  over  that  of  Mr.  J^^dmer.  In  another  <lepartnient  the  miuiut'ae- 
ttire  of  artifieial  stone  i.s  (-arrietl  on,  the  stiuie  U'inj:  niouUhil  into  chim- 
ney-piei-es,  window-heads,  balustradinir,  an<l  outside  ornamental  buil- 
ders' work  «renerally.  The  stone  is  eom|K»>ed  of  two  an<l  a  halt  part* 
of  finely  pulverized  .slaj;  and  two  and  a  half  |>artn  of  u:round  brick  to 
K»ne  ])art  of  Portland  ci'inent.  The  nii.xtnrf  is  run  into  moulds  and  Mt> 
•quickly,  the  artichs  bein^r  r«':idy  for  the  market  in  t'oiu'  or  five  «lavs. 
Jiesides  brieks  an<l  stone  articU>s,  the  sla^  i»  u.<5ed  for  making  monar. 
oement  an<l  cr>ncrete.  The  mortar  is  a  mi.xture  of  sla^  and  (xtniinou 
lime,  the  cement  U'inir  ct»m|M>.stHl  itf  tlu-  same  materials  with  the  addi- 
tion of  iron  oxides.  Shijr  oiMUCnt  al.s«>  forms  tlie  .subject  of  a  recent 
invention  by  Mr.  Fre<h'riek  Kans«»me,  who  Jias  prcKluetxl  some  ven- 
riMiiarkable  n>sults. 

Perhaps  the  most  Iwantiful,  and  ct-rtainly  not  the  least  remarkable, 
outcome  of  bliust-fnrna(v  .sla«f  is  slair-w»M)l.  or  siliaue  cotton,  a>  it  U  also 
<cdle<l,  owiuLT  to  its  ix'semblanc'e  to  cot  ton- wool.     The  procesw  origin- 
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ated,  we  believe,  "with  Messrs.  Siemens  Brothers,  on  the  Continent,  and 
tlie  manufacture  has  been  before  attempted  in  England,  but,  as  far  as 
we  are  aware,  has  not  succeeded.  As  carried  out  by  Mr.  Wood,  at  the 
Tees  Iron  Works,  a  jet  of  steam  is  made  to  strike  against  the  stream 
of  viscous  molten  slag  as  it  is  run  oif  from  the  blast  furnace.  This  jet 
scatters  the  molten  slag  into  a  stream  of  shot,  which  is  projected  for- 
wards near  the  mouth  of  a  large  tube,  in  which  a  couple  of  steam  jets 
cause  an  induced  current  of  air.  This  tube  opens  into  a  receiving 
chamber,  composed  chiefly  of  wire  gauze,  and  measuring  about  33  ft. 
long  by  15  ft.  wide  and  12  ft.  high.  As  each  shot  leaves  the  stream 
of  slag  it  carries  a  fine  thread  or  tail  with  it.  The  shot,  being  heavy,, 
falls  to  the  ground,  while  the  fine  wooly  fibre  is  sucked  through  the 
tube  and  deposited  in  the  chamber.  The  appearance  of  this  chamber 
after  a  charge  has  been  blown  into  it  is  singularly  beautiful,  the  floor, 
sides  and  roof  being  covered  with  a  thick  layer  of  the  downy  silicate 
cotton.  After  each  blowing  the  wool  is  removed  by  forks,  and  packed. 
in  bags  for  consignment  to  a  London  firm — Messrs.  Daniel  Dade  and 
Co. — who  make  it  into  mattresses  which  are  used  for  covering  steam 
boilers  and  for  other  pur})oses  where  it  is  desired  to  prevent  the  radia- 
tion of  Iieat.  For  this  purpose  slag-wool  is  eminently  adapted,  as  it  is 
a  very  bad  conductor  of  heat,  and  is,  mpreover,  perfectly  incombustible. 
The  make  of  slag- wool  at  the  Tees  Works  is  about  three  tons  per  week, 
and  as  during  the  running  of  a  four-ton  slag  ball  about  1^  cwt.  of 
slag-wool  is  made  it  follows  that  for  producing  these  three  tons  nearly 
200  tons  of  slag  have  to  be  operated  upon.  Another  useful  purpose 
for  which  l)last  furnace  slag  has  been  successfully  utilized  is  that  of 
glass  manufacture.  The  vitreous  character  of  slag  indicates  a  resem- 
blance to  glass  in  its  composition.  It  does,  in  fact,  contain  the  prin- 
cipal components  of  glass,  but  not  in  proper  proportions,  and  those  in* 
which  it  is  deficient  have  therefore  to  be  added  with  others  which  are 
not  present.  Some  years  since  Mr.  Bashley  Britten  investigated  this 
question,  and  in  the  end  succeeded  in  utilizing  for  the  manufacture  of 
glass  not  only  the  material,  but  also  the  heat  of  the  slag.  This  latter  is  a 
very  important  point,  inasmuch  as  upon  it  depends  the  economy  of  the 
utilization,  and,  therefore,-  its  commercial  success.  The  practical  result 
of  Mr.  Britten's  researches  was  the  establishment  by  a  company,  of 
some  works  at  Finedon,  in  Northamptonshire,  where  the  manufacture 
of  glass  bottles  from  slag  is  noAv  and  has  for  some  time  past,  been  regu- 
larly carried  on.     The  glass  works  are  situated  in  close  contiguity  to 
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the  l)lji>t  fViniju'es  of  tlu;  Finciloii  Iron  Works,  where  the  Northain|>- 
toiisliirc  oiT  is  \vorkt-«|,  :iii<l  its  ih»;  iii<iU«-ji  fla^  is  run  t'mni  th**  i' . 
it  is  coiiVMy**!  in  (■jirriei>s  t«»  the  ^l:u"•^  work?.  Jn  th(->e  wori - 
UMiis  riMTiM  lenitive  j^s  turiuice  uppliitl  to  a  ii}i\>-^  melting  taiik  enables 
th<'  |>r<|»:iration  of  th»;  "  iu»,'tal ''  to  be  carriMi  on  (•ontinuon-Iy,  atlbrd- 
in^;  a  t-on>tanl  >n|>|>ly  to  the  ^hi-vs  blowern.  The  ingre<lieut.'j  of  the 
^hwrt  are  fe<l  into  tlie  tank  in  eharj;es  of  uUiuL  0(J<)  H»s.,  the  hirj^r  half 
of  whieh  \A  the  molten  hlajr,  the  reiuaimler  lx.>in^  the  uthc'r  ne<t;!y<irv 
injrre<Jient.»,  sueh  as  .sjui«l  an<l  alkalies.  In  the  tujik  thes^.*  snl^^tam-o  are 
IuhmI  hikI  lini.'il,  the  fas<n.l  metal  llowin^  through  a  l>ri«l;^e  to  the  i»tlier 
end  of  tJie  tank,  where  there  are  rtve  working  lM»les,  from  which  the 
metal  is  tiken  l>y  the  workmen  ami  fa«'hi<»n<'»l  into  iiM-fnl  ariirles  in 
the  ii-snal  way.  For  the  pn-^'rit  the  mamilaetnre  i-.  (vntuxil  to  wine 
and  Ijeer  lK»ttles,  of  whieh  alxait  uijiety  ffr<itM  eaa  U-  ppHluoeil  |)er  tUy. 
S»  far  the  n-snlts  have  |)ri>ve<l  suthei<iitly  sali>faetory  to  indn«v  the 
(•om|)any  to  extend  their  workrt,  |»lan>  lor  which  are  in  coiii">-«'  <>|'  |>r«-j>- 
anition.  it  i^^  pro|)«»si(i  to  i.Tei^t  not  i>nly  additi<»nal  fiirna<  •  ~,  hut  plant 
for  the  maonfaeture  t)f  other  artieleb  liesides  U/ttle-.,  ami  for  tli<»e  a 
/vith'  li<;ld  o|H'ns  its.«li".  'l'h«;  ^da>s<  |)r<.«lue<.-<l  is  siiil  t«»  U-  ^tronirer  than 
ordinary  irla-'S,  and  the  <"«»lor  c^xu  l»c  varit^l  :us  retjuinti,  thr  natural 
tint  Iteinjr  njrcvn.  Iti  w«.»rking  <|iuilitie>  are  said  to  be  of  tiie  hitrlnr>t 
ord»'r,  a>;  it  comes  I'rom  the  furna<v  in  the  In'^-t  jH>rssible  condition  \\^r 
the  w<»rker.  S»mc  bottles  maile  at  t  imtlon  were  cent  to  the  i'arU 
Kxhibition  last  year,  where  tljey  obtaiueil  hononible  mention,  a  tt*ti- 
numy  at  once  to  their  character.  A  new  method  of  tou^henin^  irla-- 
h:u?  rtH-tMitly  l»een  dis<-overe«l  by  Mr.  Fretleriek  Sieinejjs.  i»t"  l)rc~«li  n, 
and  it  is  |iro|K».siHl  to  a|>j»ly  this  |)riMt?»s  tt»  sla^j  nla>s  fur  the  |»ur|K»M-  of 
mannfacturin;;  niilway  sle<3|H!r?j  and  otlier  artiele?«.  DetaiU  ot"  Mr. 
Siemens  |»r«H-es-i  are  not  at  present  to  hand,  but.  jndtrol  by  n-^ult.-,  it 
wouhl  a|>|H.*ar  to  ditlcr  tVom  that  ot'  M.  de  la  Ua>tic,  iiuLxinuch  a>  when 
the  tou^hene<l  ^lav<  is  broken  it  diM.>>  noi  tjy  into  minute  atoms  at^  iK>€i< 
I>e  la  Jiiu^tie's,  but  simply  fnietures,  somewluit  rtimihtrly  to  e:tst  in»n. — 

f^iiiiniiii     I  I  nil  >■. 

Brazilian  Telephones. — In  IJm/il  tele|»honi«' (^>mnuuii»':ition  \ias 
Ix.HM  otabli-ied  aiuohii  many  «»f  the  larirc  plantation-,  ditlerent  private 
|uirtiesi,  and  p»vernment  olHivs.  At  Rio  de  .lanein*  (iowcn  tclc|>honc> 
aiv  iit^e^l  for  .si-nilin'^  messigtw  U-tween  the  S-nale  and  the  lowtT  hoiiije. 
— Lea  MoiuUit.  ( 
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RANSOME'S  NEW  HYDRAULIC  CEMENT. 


As  is  well  known,  the  materials  employed  in  the  manufacture  of 
"Portland"  cement  are  clay  obtained  from  alluvial  deposits — such  as 
is  to  be  found  on  the  banks  of  the  Thames  and  Medway — and  chalk, 
these  materials,  after  being  ground  together  in  water  (to  produce  the 
mixture  known  technically  as  slurry)  being  burnt  with  coke  in  a  kiln 
at  a  high  temperature.  Of  late  yealrs  the  details '©f  this  process  of 
manufacture  have  been  much  improved,  and  numbers  of  the  leading 
lirms  are  now  supplying  regularly  cement  having  fully  twice  the 
strength  of  that  which  could  be  obtained  only  a  few  years  ago ;  but 
notwithstanding  this  the  materials  used  have  remained  the  same  as 
those  employed  when  Portland  cement  was  first  introduced  by  Mr, 
Jose])h  Aspdin,  of  Leeds,  to  whom  apatent  was  granted  in  1824.      f  r 

AVhen  employed  in  decorative  purposes  a  great  objection  to  Portland 
cement  is  its  color,  this  objection — which  is  due  mainly  to  organic  and 
other  matters  mixed  with  the  materials  employed — being  particularly* 
strong  when  the  cement  is  efxposed  toi^vet^or  moisture.  It  was  to 
removing  this  defect  of  color,  while  retaining  the  other  properties  of 
Portland  cement,  tiiat  Mr.  Ransome's  experiments  were  first  directed, 
and,  as  we  mentioned  in  our  former  Mnoticey  he  succeeded  in  the  pro- 
duction of  a  cement  which,  while  having  great  strength,  was  absolutely 
colorless,  or  which  could  be  tinted  as  desired. 

Mr.  Ransome  commenced  his  operations  by  substituting  previously 
washed  kaolin  for  the  Thames  or  Medway  deposits,  and  burning  the 
mixture  in  retorts  or  muffles,  so  that  the  material  was  j)rotected  from 
the  direct  action  of  the  heated  products  of  combustion.  By  this  means 
he  obtained  a  beautiful  white  cement,  which  in  the  course  of  a  few 
hours  set  remarkably  hard,  and  was  capable  of  receiving  a  polish 
resembling  Carrara  marble.  He  found  also  that  the  material  was  still 
further  improved  by  the  addition  of  a  portion  of  soluble  silica  obtained 
from  some  of  the  natural  mineral  deposits,  such  as  the  beds  near  Farn- 
ham,  or  preferably  from  the  deposits  in  the  New  England  States  on 
the  other  side  of  the  Atlantic.  The  relative  proportions  of  lime,  alu- 
mina, and  silica  which  he  found  to  be  desirable  in  the  mixture  after 
burning,  were:  lime,  60  parts  ;  alumina,  12  parts;  and  silica,  22  parts. 
AVhen  a  tinted  cement  is  required  instead  of  a  white,  the  desired  color 
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c-an  reailily  U-  obtain«<l   \>y  the  aiMitioii  of  pigments,  such  a-*  ««'hro  «»r 
iron  oxi<l<',  during'  tin-  jrriiKliiiL'. 

AIlliou;;li  tli(j  roult-  obtaincHj  by  th<-  firwcs'i  just  alhulcd  to  w«-n-  in 
even'  resjKH't  most  .sjitislacton-,  as  ivjjHnls  the  material  pnnliK**-*!  Im»i1i 
in  i<oint  of  luinbM.'*;?^  and  ^fem-nil   apix'sinuM'*',  it  mwhi    U-^-ani*-  iviilent 
that   liowover  vaiuabh'  this  o-nn-nt   inipht   \h:  in  an  a-j^tlntic   |n»int  oi' 
view  ibr  dnonitive  and  arti-tir  |)nr|M»w->  it  <5uuhl   not  U-  |)n»«hnvil   ai 
a  price  to  render  it  eonnm-n.-iaily  available  for  the  niimeruiih  <ionstruc- 
live  jiurposes  for  Mhich   the  well-known    I'ortland   c-ement   is  now  ?4» 
<leH,'rvetlly  in  demand.      l'nd(T   thes«'   rirrnm>ian«*ef^,  in  ea>»tin;;  aUmt 
i'or  tlie  l>est  soureeoisupplieji  <>f  siliea  an<i  ahiniina  in  a  cftnUition  uun^i 
favorable  to  enable  them  to  n^nddne   readily  with   lime  at  a  i-t'miiani- 
lively  low  tem|MnitiiiX',  Mr.  Kan-^onu'  was  hil   to  tin-  o»n«'lu?*ion    tiiai 
the  veiy  thin;:  required  wa-s  to  be  fouud  in  any  fjuanliiy,  and  <i»|Kd»le 
'•l"l>ein^  suppli*-*!  at  a  ein-ap  rate  and  in  a  very  favorabl«-  eonvlition,  a-* 
a  by-pro<lint  which  is  now  of  little  or  no  value,  and    »!'  "  •-  '■''-»  ''m- 
nacesla^,  which  ^-onsistrt  of  ^>iliea,  alumina  and  linn-. 

Many  attempt**  have  been  made  by  varioui!>  partita*  to  utilize  ilii-> 
material  in  the  procc-s  of  mamd'acture  of  <.'ement,  but  the  coft  atten«l- 
ant  upon  tin-  iMluction  of  the  >la^  t<>  a  sunicicnlly  line  ntatc  to  •■.•nd»inc 
|iro|H'rly  with  the  ailditiontd  limv  with  which  it  had   to  Ik-  mixttl.  IkiI- 
tled  all  attempts  to  jiriMlun- with  it  a  ^mhI  c«iueJit  at  a  priiv  that  At\\U\ 
compete  with  the  rortland  tvment  now  in  jf»-ner.d  u?c.      The  ditheulty 
of  dealing'  with  the  furnace  sla^  was,  however,  relu«»vt<^l  by  the  inven- 
tion nt"  Mr.  C'harh's  Wood,  of  the  Tee«<  Iron  Works  at  Mid<lle>br«»nf;h. 
who,  in  the  year  lS7.i,  obtained  a  patent   for  irninulatini:  shij;  by  run- 
ning it  direct  from  the  furnaces  into  water.     This  jrnimdateti  sla^,  or 
*' sla^  sand,"  as  it  was  c;dled  bv  Mr.  W  tM>d.  was  found  on  annly-si-*  to 
<'ontain  : 

Silica.     ....  ;i.S-2o 

.MMinin:..        ....  22'19 

Lime,     ....  ."il'iJi 

Magnesia,  M4 

Cah'ic  sulphide.  -!•.> 

I*rotoxi<le  iron.  I'l 

rile  <lai;  sand    so  itpHhiecii    i~  ol    ;j  m<xt   n^rn-^-rdde  liiilit  butl"  color, 

and   may  Iw  easily  reduei'd   to  the  finest   |>o\\der  by  pn-s-iin*:   U^tweon 

the  tinkers  and  tlumd).  and   by  mixin*^  <»ne  |»art  of  it  intimately  with 

from  one  to  two  part^  bv  weiirht  «»f  chalk  or  lTmesn>ne.  and   buniiu'j 
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the  mixture  at  a  moderate  temperature,  there  is  produced  an  eminently 
livdraulie  cement,  which  compares  most  favorably  with  the  best  manu- 
factured Portland  cement  of  the  present  day.  It  may  be  noted,  as  an 
especial  advantage  attending  the  employment  of  slag  sand  in  this  way,, 
that,  the  materials  composing  it  having  already  been  thoroughly  burnt 
together  in  the  blast  furnace,  the  severe  burning  required  in  the  ordi- 
nary process  of  cement  manufacture  is  rendered  unnecessary. 

Comparative  Tests  of  Strength  between  Portland  Cement,  weighing  123- 
/6s.  per  Bushel,  and  JRansome's  New  Hydraulic  Cement. 

Breaking  Strain  of  Samples  1|- Inches  Square, 
Age.  giving  a  Sectional  Area  of  2\  Square  Inches. 

Portland,  123  Ib.per  bus.      Ransome's  Patent. 


lbs. 

lbs. 

2  days. 

, 

510 

740 

3     '*' 

. 

698 

870 

7     " 

, 

818 

J 170 

12     "             .         . 

. 

1300 

15     " 

. 

1330 

2J     "             .         . 

.)[ 

ubics  exlXrr-.aejlj- 

1440 

28     " 

♦lOliil 

.p-e.  0:iO,8a§;,. 

3  months,      . 

■^        •     -,. 

;.         1056 

6       "       .         . 

. 

1176 

^       " 

. 

1219 

12       "       . 

, 

1229 

2  years. 

^ 

1325 

3       "       .         . 

, 

1314 

4       "            .         . 

, 

1312 

5       "       . 

1306 

6       "           .         . 

1308 

7       "       .         . 

, 

1327 

Samples  of  Mr.  Ransome's  new  cement  have  recently  been  carefully 

tested  at  the  cement  wc 

)rks  of 

Messrs.  Gibbs  and 

Co.  of  Grays,  undei 

the  direction  of  the  manager,  Mr.  D.  Lincoln  Collins,  and  we  annex  a 
table,  in  which  the  result  of  these  trials  are  given  side  by  side  with 
those  obtained  from  an  exceptionally  good  quality  of  Portland  cement,, 
the  figures  relating  to  the  latter  being  derived  from  the  valuable 
experiments  of  Mr.  Grant,  who  by  his  practical  researches  has  done  so 
much  to  elevate  the  quality  of  Portland  cement  during  late  years.  It 
will  be  noticed  that  in  the  table  the  results  relating  to  the  Ransome 
cement  only  extend  to  samples  21  days  old ;  other  older  samples  will. 
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hr)\vever,  sln»rtly  \tc  cxiM-ritncnttHl  ii|>oii,anil  we  hope  to  lav  the  result- 
(Voiii  tiiiir  to  time  heioro  our  nti'lers.  M«*an\vliilf  it  may  U;  iioUil 
that,  <'V<ii  \vh<M  rtt"t«ii  <lays  old.  the  new  ceinenl  [ia<l  attain«-<l  a  higher 
<*treiijfth  than  wa«<  p^uIkhI  by  the  I'ortlund  t«inent  in  t«even  yea^^. 
whih-  it  is  t'iiith<  r  particniarly  to  In*  notieetl  that  the  Kanforne  (rment 
show.^i  a  sliadily  incroiisin^  strength  with  ap:*,  s<»  that  tin-  .siiniple  21 
day.H  <»ld  wa.s  proliahly  tar  from  p< »s.seA>*in jr  the  teimcity  whi<'h  will  ulti- 
mately l>e  attained.  Alt«»^'ether  Mr.  I{4in."*«tme  apiKsin*  to  hav«*  pn»- 
diK"*"*!  a  very  vahiaMe  addition  to  oiir  c^mstructive  mattTial*,  and  we 
-hall  watrh  the  future  developniont  <»f  hi-;  invention  with  inueh  interest. 
—  Kn(j%neering. 


New  Kinds  of  Plated  Sheet  Iron.— In  Ix  rl..hn,  \V«-tphalia. 

thill  >hci't  iron  i>  plat«tl  with  all<>\>ot°  nickel  or  i-oUdt  and  uian^aneMC. 
.\  half  of  (»ne  jht  (vnt.  of  man.:ane<ie  makes  eohalt  an<l  niekel  \ct\ 
malleable,  fluid  when  melte<l,  an«l  ductile.  The  platw  which  are  alre:i«ly 
in  the  market  are  iR-autifully  white  and  brilliant. — MdnUtuhrUrr.     (.'. 

Local  Earthquakes. — The  eartlKpiake  of  IJslxm,  in  1755,  wa- 
felt  over  a  siirfae.-  ..f  lo,0(K),(»  0  s«|.  kilom.  ( lo,.*5<;«),<HM»  .mp  m.)  or 
over  a  twelfth  part  <»f  the  e:u'th'-  surface.  Such  extensive  shfvki*  an? 
j^'uendlv  attributcnl,  l»v  <jeolo^i«^ts,  to  vu|c:uiic  action.  ( )K-MTVers  at 
the  (vntre  of  tlu'  disturlxil  are:i  iH-n-eive  a  vertic:d  os<illation  ;  the 
movements  IxK'ome  more  <»bli((Ue  on  p)in^  fr*»m  the  centri',  tiie  waves 
beini;  propairated  with  a  rc<rularity  whi<'h  is  ui>t  ol»s«'rvable  in  the 
ordinary  hnxil  uirtlupiakes  f»f  uon-volciuiie  txmntrii-s.  I)r.  Thiessin^, 
in  disciLssing  some  of  the  Swi.sn  «irtlM|Uakes,  considers  the  amount  of 
iru»rpinic  matter  that  is  brought  to  the  surfatv  by  miuend  springs.  It 
has  Ihimi  t>Jtinint<'d  that  a  singh- spring  in  I>oul'ch«'{I^'iikerl>:nhaniuialIy 
luings  l.fHKJ.tKHl  kil(»g.  («,.S18,-|.So  Wv.)  of  gypsunj  to  the  surfatr,  or 
alx)ut  1620  cubic  metres  (211'.»  e.  yih),  a  <|uxuuity  sutlicient  to  lower  a 
surfatx*  of  a  s<pian!  kilonu'tre  (1 19*>*<*^J  s<|.  yds.)  m(»n'  than  ItJ  dei'i- 
metix's  (o*2r)  \\.)  \\\  a  (vntury.  in  the  \ntlley  of  Viege  then*  an'  not 
less  than  a  score  of  gypsifcnms  springs,  eaeh  of  whieh  i-arritw  otl' annu- 
ally 2(H)  cubic  tiictres  (2«»lM»  c.  y«ls.)  of  miuend.  If  we  think  of  the 
thoiLsands  of  fountains,  ami  tJie  immense*  duration  of  their  tlow,  we 
may  form  .s<jme  ijle;i  of  tlu'  im|H>rtautv  of  the  tnuislormatiou  ejUL««l 
by  their  waters,  and  the  violent  su|>erticial  o:«eillations  to  whieJi  lJu*y 
give  rise. — liuU.  (k  la  Site.  ImluM.  < 
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Bower's  Rust -Preventive. — Carbonic  acid,  generated  by  the 
-combustion  of  carbonic  oxide,  is  allowed  to  act  upon  iron  or  .steel  at  a 
moderately  high  temperature  ;"t)r,  a 'layer  of  sesqui-oxide  is  first  pro- 
duced, and  a  mixture  of  carbonic  acid  and  air  is  aftervvards  passed 
over  the  red-hot  metal. — Berg-  u.  Hi'ittcn-Ztg.  C. 

Proposed  Adoption  of  the  Egyptian  Cubit*,— In  noticing  the 
labors  of  the  International  Bureau  of  AVeights.  and  [Measures,  Abbe 
Moigno  regrets  the  choice,  as  unit  of  measure,  of  the  ten-millionth  of 
a  meridianal  quadrant,  "a  unit  fatally  indeterminate,"  since  the  merid- 
ians vary  m  length.  He  suggests,  as  a  better ,  standard,  the  cubit  of 
the  Great  Pyramid,  Avhich  represents  the  ten-millionth  of  the  earth's 
polar  axis.  Sir  John  Herschel  made  the  same  proposal,  nearly  thirty 
years  ago,  and  it  is  somewhat  remarkable  that  his  views  should  be 
now  advocated  by  a  leading:  French  scientific  iournal. — Lei  Mon- 

Thermo-Electric  Ste^l  Tests.— Carl  Barus  has  studied  the 

thermo-electric  disposition  and  the  electric  conductivity  of  steel,  in 
their  relations  to  the  hardness  of  the  sjjeehv  He,  finds  that  if  a  steel 
rod  of  uniform  known  hardnes-s  is  broken  in  two  and  the  two  original 
ends  connected  with  a  galvanometer,  the  hardness  of  pieces  of  steel  can 
readily  be  tested.  For  if  the  free  ends  of  the  test  rod  are  laid  on  the 
sample  of  steel  which  is  to  be  tested,  and  either  point  of  contact  is 
heated  (e.  g.  with  a  small  jet  of  steam),  the  tliermo-current  will  flow 
from  the  test^rod  if  it  Ls  hai'der,  and  to  the  rod  if  it  is  softer  than  the 
sample.— ir/a/.  Amv^i  ,gnitei9qo  Vii  ^oaaii  C. 

Book   Notices. 

A  Manual  of  P6wer  for  Machines,  Shafts,  and  Belts  With  the 
Historv  of  Cotton  Manufacture  in  the  United  States.  By  Samuel 
Webber,  C.  E.  New  York:  D.  Appleton  &  Co.,  1879.  2  parts; 
124  and  105  pages. 

This  purely  technical  work  is  of  the  highest  interest  to  the  cotton 
manufacturer  in  the  statement  of  results  of  many  thousands  of  tests, 
by  a  dynamometer,  of  the  several  special  machines  used  in  this  branch 
of  industry.  It  may  be  supposed  that  the  various  openers,  lappet's 
•cards,  draw  frames,  slubbers,  ....  slashers,  looms,  etc.  etc.,  are  well- 
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known  iiivuriuMu  staiulanl  nuiihiiK-s  in  i-ottoii  niilU,  -»  that  <-«*ni|Min- 
sous  of  dynaiiionntcr  valuo,  a.«<t:rtainwl  with  >oin«.-  hUj»|Mir.al>U-  unil'ur- 
mity  ol'  coiwlitious  of  marhiiicrt,  b<;lt.s  and  lubri(.-utors  and  luhriaino, 
can  1^'  ineititutctJ.  The  t<7  {xijrert  of  Uibl(»  of  infonnation  <if  ti»is  c\nm 
then  iH-i'otnc  avaihil)I<'  and  ini|K)rtant  to  cotton  mill  uuner  or  ojht- 
ator.  Th<'  tal)!*^^  of  "^tininrtri'--  "t"  |><i\v<t  for  «'<>tt'>fi  rnil!~  for  j>r<«hir- 
tion  of  difr«'rent  gi'i  --al 

cxainj)l<'s  of  mills  attualh'  :ii  wuii^  >  '•uM  h;i\f  J>c<  n  l"iiiiil  t"  •■••vvAh.*- 
rMv  \\\v  totals.  But  it  imi-f  1"  .uluiitttil  that  (•:in;fnl  dHaiUii  esti- 
tMat<-s  of  thifl  clam  do  jrl  l>|>roximation  t«»  acvurate  resultH. 

Ii<'sid('  tho  tt"Sts  of  cotton  n»a«  hineiv,  a  ^•v'u'>  of  ttrstj*  of  nuichincs  for 
other  U'Xtilr  snhstanrt-s :  woolm.  w"-''-'  "•\  < '■•  "•''  '-  ♦'■•'iiid 
more  or  Uss  cxtcn^nvc  and  tiH'fuI. 

The  two  fhaptors  n>latin^  to  shafting  and  lH•llin^:  :;  incom- 

jilrtc  in  ^ivln^  information  rithcr  to  tin-  mill  o|M'nitor  <•!  tMni<-  ^nt-nd 
nKN'hanician,  NritinT  p-m-niliy  or  in  drtail,  an-  tlux-  snl»ii-«-ts  con.-id- 
ennl  in  a  |»Ri('tiral  point  of  vi<'w.  I'lu  cliuptir  nlatinir  ro  Kh.iftiii^  Ls 
HO<'nliarlv  iinprrtV-t-t.  l>or"S  tin-  anthi'r  rn<-:m  to  a^^-rt  that  if  i«  t^fiod 
pnu'ti<H'  to  tnnistnit  l>v  iioist'  |xiw«'r  l»y  a  loni;  lin«'  ot'  twf>-inr|i,  i-old- 
rollixi  shalitintr  rnnninfr '{(M)  rovolMti«in5»  p<*r  minuto  in  swivel  hi-:irin^, 
plaiHwl  17.7  IWh  up:irt,  v>nth  the  iHual  aliirnnu-nt  of  iHiirint.'*;  in  a  ("otton 
mill  ?  Tlu'  wmt  of  wxw  c-onMldcmtion  <»t  th«-  natni>'  o|'  liearinp-,  in  tho 
relation  of  snrfa<v  to  vi-hx-ity  and  prt-ssnn',  .nnd  of  ('on"<id«'mrion  of  v»'U^- 
fitv  to  (yonomic  (limonsions  of  pnlleys  ami  l>elti» — fliniensions  derived 
from  the  |>ow«t  to  In-  tr-.msmittifl,  aK  well  jtH  from  >ome  limit  of  >i/«-i  and 
stn-n^th  ol"  U-h.-^  and  convrnimtf  in  o|»rnitini:,  nmkes  it  qu^'stiorudvle 
if  the  oini.ssion  of  tin-  rhapt<r  wonid  not  impn>vr  the  work  a**  a  work 
of  rctcrriKV. 

The  chapter  relating  to  boltiu^  with  its  followin;:  tahh-  is  more  ^ri- 
oimly  errt)nt»<»n.s  yet.  Tln-re  is  no  j^n-Jit  <liverp'ne<'  fp»m  tin*  faeti*,  in  the 
:issinnption  that  an  inch  wide  Imther  litilt  in  avenip.'  condition,  at  a 
s|Hitl  of  G<M)  feet  |M'r  mitiute,  and  luiviuj;  a  eonfciet  with  a  turneil  iron 
pidlev  of  MU'  ^or  hall"  the  ciniimftn'inv^  will  tnuj>init  oue  lior-4» 
po\v«  r.  IJnt  this  will  not  tMvur  at  another  spc-ed  or  another  nn^Ic. 
The  writiT  of  the  mannul  a>»H'rts  "  I'he Huir^t  S4icntilie  wi 
j^rofss  errors  in  treating; of  this  (pa-stion.  "  On  the  e«»ntnir\ , 
writei>  aiv  in  aoctml  on  the  MihJ4.vt  aii*!  are  al**olutcIy  tt>rrwt  io  ilieir 
deihit-tions.  rh(>  only  <pl«^'tion  lel't  u|M.n  t>y  thtMn  in:  what  Ls  the 
projMM-  isH'tlieient  of  adhe>iun  t»f  a  Iwitler  l-  li  '■>  a  pulley?     With  the 
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usual  caution  of  a  computor  eacli  writer  has  accepted  as  a  safe  estimate 
a  low  value  for  this  fraction,  although  he  may  have  got  a  high  one  by 
experiment.  The  conclusions  heretofore  reached  have  given  what  Ave 
now  know  to  be  inordinate  width  for  belts. 

At  the  risk  of  prolonging  this  notice,  an  attempt  will  be  made  to 
give  a  popular  account  of  the  theory  of  belt  transmission.  A  leatlier 
belt  imparts  motion  to  a  pulley  upon  Avhich  it  is  laid  and  around  which 
the  belt  is  put  in  motion,  because  of  the  adhesion  of  the  leather  to  the 
pulley  surface  in  place  of  sliding  over  the  same.  This  adhesion  arises 
from  tlie  pressure  of  the  belt  upon  the  ]iulley,  and  bears  a  definite 
proportion  to  that  pressure.  What  the  value  of  such  proportion  may 
be  is  called  the  co-efficient  of  adhesion,  .or  of  friction.  Thus  if  a  belt 
were  to  exert  a  pressure  of  10  pounds  per  square  inch,  and  if  the  belt 
had  35  inches  of  contact  (say  a  belt  one  inch  wide  bearing  25  inches 
long  on  a  pulley)  the  total  pressure  would  be  250  pounds.  Experi- 
ments have  shown  that  about  146  jiounds  i)ull  must  be  exerted  on  such 
a  belt  to  cause  it  to  slip,  and  the  co-efficient  of  adhesion  becomes  146 
_L-  250  =  0'583.  In  the  case  of  a  belt  imparting  motion,  however, 
the  pressure  is  not  uniform,  as  here  assumed.  As  this  pressure  p-o- 
<!eeds  from  the  tension  on  the  belt,  and  tliis  tension  obviously  differs 
on  the  two  sides  of  the  pulley  (from  the  loose  to  the  tight  side),  a 
gradual  change  of  tension  must  occur  in  the  belt  on  the  pulling  sur- 
face ;  and  a  gradual  increase  of  pressure,  inch  by  inch,  on  that  surface. 
Each  particular  pressure  has  its  own  constant  rates  of  adhesion,  aug- 
menting the  tension  to  produce  greater  pressure.  The  first  adhesion 
l)eing  that  coming  from  the  strain  on  the  slack  side,' while  the  last  adhe- 
sion completes  the  total  of  strains  exerted  on  the  tight  side  of  the  belt. 
To  use  the  words  of  the  writer  of  the  manual,  "  Tliis  will  be  understood 
]>y  those  who  know  tlie  enormous  hold  given  by  passing  the  rope  from 
a  pulley  block  once  [or  t\\'ice]  around  a  i)ort  where  the  whole  surface 
is  in  contact." 

The  force  exerted  by  a  belt  is  the  difference  between  the  strain  on 
the  two  sides.  The  greatest  strain  on  a  belt  is  equal  to  the  force  exerted, 
added  to  the  strain  on  tlie  loose  side.  The  greatest  strain  lyroceeds 
from  the  exertion  of  sufficient  strain  on  the  slack  side  of  the  belt  to 
give  the  requisite  adhesion.  Same  as  the  exertion  of  some  pull  on  the 
rope  is  needful  to  keep  the  rope  from  rendering  around  the  post  Avhen 
a  weight  is  held  by  a  pulley  block,  as  in  the  WTiter's  supposed  case. 
The  adhesion  does  not  vary  directly  with  the  arc  of  the  circle  with 
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•Nvliirh  the  Ult  if<  in  n»ntiut,  Imt  it  follows  a  <-«jmpli(.-:it«-<l  l<x/:iriiliinir 
tqiiatioii  derived   from  the  MiMiiuati(»n  of  the  f^iKx-es^^ive  iuen-a.-ts  of 
pressure  on  the  pulley  suH'a<t;,  aw  tlie  Ix-lt  pa*«e«  from  .'^luckneivi  t- 
tij:;litness. 

'I'he  undeterniiiu;*!  eh:iiient  in  the  text  Ixjokh  generally  \p,  tlie  «-«»ofti- 
C'ient  of  adhe-sioii,  an<l  tliis  element  i.H  not  yet  settled.  I>et  us  see  \vli;t 
C'fteiit  a  variation  of  the  accepted  oi»etlident  will  have  u|N>n  the  assump- 
tion (hat  ()<X»  feet  veliK-ity  |K'r  minute  of  a  l-in<h  belt  will  In.*  the  «Hpiiv- 
alent  to  one  horse  power  ;  a  eonditi<ni  whi<'h  j-illn  lor  the  exerei.n?  ol"  50 
]Mjnndri  I'xccHS  of  Mtrain  Ixrtween  the  ti^ht  and  slack  nidiv  of  the  l>elt. 

In  January  of  \6iiH,  ami  the  foUowinif  month,  there  was  puhli^he«l 
in  the  .JouHNAL  oF  THK  Franklin  Instititk  a  jiajier  hy  Me>*»r>. 
Hrii^j^  and  Towne  in  whieh  it  wasuttempte<l  to  show  tluit  a  high  cixifti- 
cient  of  adht^iion  nii^ht  l>e  ae^-eptnl  as  conftirming  to  ci>ninK»n  prartiet 
The  exjKrimenti  then  iiuhlinhe^l  j^rave  j={)'i}6'.i  ((ien'l  Morin  in  hi- 
Me<hani<!s  (lit^niiett's  trans.  18<>0)  iiumd  /*=()-r>73  for  a  niaxiimnn  ol" 
adhesion  of  lejitlier  to  iron).  Me?«irs.  Brings  and  Towue  eomputeti 
tahles  hjLsed  on  /=0'423,  whieh  have  metgeut'nil  aeeeptanrv  a.s  prae- 
tieal  aeeomj>lishmentx. 

Taking  their  value  as  a  j)rol>al)le  one,  and  going  ilownwanl  to 
f=(y'20,  the  following  table  gives-  the  rtrain©  eorre»i)ouding  to  o' 
] >ou nds /o/'c«;  u|>on  18U°  of  <'oiitaet  : 

I.  II.  Hi.  IV.  V.  VI. 


•H 

iiT. 

Hw^^ 

^^1 

e  i-  = 
.11 

lilt 

V' 

f 

0-683 

55 

0-423 

55 

0-4 

55 

0-35 

55 

0-3 

65 

0-25 

65 

0-2 

55 

■E  = 


^? 


§i4  cT-i  :'. 

I^L  ^H  |i| 

1=  H  ^  '" 

IKO-  G5-45  10-45  :i7-J»5 

180=  71-8  U»-4s  4<i-G4 

180^-  77-  -22-  41»-5<> 


180  82-5               27-5              55- 

180°  1)0-                  35-                 62-5 

180^  lOl-I               4G-1               73-»; 

180=  117-s                (>2-S               iK^-3 

Thi.s  table  simply  exhibits  that  if  an  ineh  wide  l>elt,  with  180*^  (con- 
tact, is  stniinetl  tj»  the  several  teiisious shown  in  e>olumn  VI,  and  then  it 

is  operatetl  so  as  to  give  out  one  horse  jwwer  at  a  velcK-ity  of  tilH)  ft 


4^1 

1"' 

10-45 

19-4S 

22- 

27-5 

35- 

4G-1 

(>2-S 
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per  minute,  there  will  be  called  into  action  the  respective  coefficients  of 
adhesion  given  in  column  I. 

Perhaps  a  more  ready  understanding  of  the  nature  of  the  action  of 
a  belt  on  a  pulley  may  be  had  as  follows.  Suppose  a  short  horizontal 
shaft,  resting  in  bearings  upon  which  there  is  placed  a  pulley  and  a  gear 
wheel,  the  latter  having  the  same  pitch  diameter  as  the  outside  diameter 
of  the  pulley.  Suppose  a  belt  one  inch  wide  to  be  laid  over  the  pul- 
ley, having  a  weight  of  55  pounds  attached  to  each  end.  This  belt  then 
becomes  in  the  condition  of  a  belt  upon  pulleys  strained  to  an  initial 
tension  of  55  lbs.  Xow  let  27|^  pounds  weight  be  taken  from  one  side 
of  the  belt  and  transferred  to  the  other  side,  when  the  strain  on  the  belt 
will  become  27i  pounds  on  one  side  and  82^  pounds  on  the  other^ 
giving  an  unbalanced  strain  of  55  pounds,  which  we  will  suppose  to  be 
supported  or  resisted  by  a  pressure  of  55  pounds  on  the  teeth  of  the 
wheel.  Under  these  circumstances  let  this  whole  system  be  put  in 
motion  at  such  rate  that  the  velocity  of  the  pulley  surface  and  of  pitch 
line  of  the  gear  will  be  600  h.  per  minute.  The  strain  on  the  tight 
side  of  the  belt  will  then  be  82J  pounds,  while  the  strain  on  gei^r  wheel^ 
loli'ich  is  transmitted,  is  55  pounds,  and  the  force  or  power  transmitted  is 
one  horse  power,  or  600  X  55  =33,000  ft.  lbs.  per  minute.  Here  the 
source  of  power  Ls  the  adhesion  of  the  belt  to  the  pulley,  the  belt  being 
strained  to  82|  pounds  on  the  tight  side  and  27  \  pounds  on  the  loose  side, 
to  secure  this  adhesion,  the  27^  pound  tension  on  the  loose  side  is 
employed.  Perhaps  less  pull  on  the  loose  side  would  answer;  how  much 
less  can  only  be  found  by  some  experiment.  Most  mechanics  will  say 
that  with  27}  pounds  pull  on  the  slack  side  of  an  inch  wide  belt  it 
will  not  "render"  or  slip  on  the  pulley  Avhen  82i  pounds  (or  55  pounds 
more)  is  loaded  on  the  tight  side,  but  all  will  admit  that  at  some  dif- 
ference, the  pull  on  the  tight  side  will  preponderate  over  that  on  the 
slack  side,  together  with  any  supi^osable  adhesion.  Thus,  to  transmit 
100  pounds,  with  the  initial  tension  of  55  pounds  on  both  sides,  would 
suppose  only  5  pounds  strain  to  be  left  on  the  slack  side,  while  105 
pounds  would  be  exerted  on  the  tight  side  of  the  belt.  Here  the 
belt  would  certainly  fail  to  hold  on  the  pulley.  With  the  supposed 
transmission  of  55  pounds  from  a  belt  strained  initially  to  55  pounds 
tension  on  both  sides,  and  strained  when  running  to  82|  pounds  on  the 
tight  and  27  J  pounds  on  the  loose  side  of  the  belt,  accurate  computa- 
tion shows,  that  for  180°  contact  the  value  of  the  coefficient  of  adhesion 
is  35  per  cent.,  as  set  forth  in  the  table. 
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Careful  cxiKTiriM-tif.-  Ii:iv<-  j.roviil  that  l>h.'.  aiul  j»ulN  v.-  in  tli.-  <iin- 
«liti«»n  of  \v..rk>li<)j»  practirc  ;:ivc  a  vahu*  for  tlii.-  (•«).-niriiiit  a><  \\\^\\ 
:l-<  f )• '>M.'{ ;  si.diaf  a  Iwlt  initially  r^tniitic*!  to  50  ixmiid.-.  on  l><>th  sj.l.-j. 
will  jiis(  slip  wImii  tli.re  is  \'t'\\  poiuiiLs  uii  one  nuIc  ami  f>4HH  pHiml- 
'•n  (Im-  other,  or  will  not  transmit  70-7'J  |>(»nn(l-. 

Frofn  fijc  alH>v<,'  it  will  l>c  n«»ti«tj«l  that  the  niaxnuum  -ir;inM.n  an\- 
Ixjlt  for  ISO"  eontiu-t  is  wjiml  to  tlie  initial  tenj^if.n  (wliidi  inav  U-  any- 
thinjr  lip  (o  tjic  lin-jikin^'  of  the  Inlt  or  its  hiring) /V«m  oiu-hnlf  uJ  thf 
t rdUHmUUd  Htni'in,  \\\\ixU'\i'T  that  may  U-;  aiul  tfu-  1<kuI  on  tin-  iH-ririnpi 
and  <-on.s<'«iiU'nf  shafting;  frirtion  is  ncarlv  cMnstant  \vh«th«r  th.  JH-Irs 
arc  transniittin};  fono  or  not. 

There  e:in  l>o  no  (piestiun  that  luinkiiie  wa-  nii«infurmMl  hIuu 
he  was  told  hy  some  praeti<-al  nmn  that  the  roii^rh  «)r  fli«sh  -ide  of  a  U-It 
-'iK.iiId  run  n.xt  a  pulley,  and  there  is  also  no  duiil>t  that  the  a-llM-^jon 
'•<  a  helt  is  due  U\  el(»s<'  eonta<-t  :ind  the  expulsion  of  air;  hut  lh«- theory 
nf  adhesirm  eorisequent  (.  atm.wj>herie  pressun'  will  not  hold  a  ntom.iit. 
At  high  vehnities  the  adlu-sion  of  a  film  of  air  t«»  th<'  Uli,  when- 
.•iiteri;ig  ,►,!  the  j.ulley,  (wises  a  K-rio-;  f  length  of  an-    .1"  .-..niarf, 

while  the  atiMospherie  pressure  will  .•^••u-I'Mi  a  somewhat  smaller  and 
insignilie:int  gain  in  length  of  sime  are,  when-  the  iH-lt  havirs  the  pul- 
ley. These  eonsi<lerations,  however,  are  not  imjM»rtant,  ewpt  at  the 
highest  vel.H'itifs,  and  theirefT^nts  have  not  \vi  Uvn  invcstigjiti-,!  fully. 
But  there  is  another  (jualifuation  to  the  ettl^-t  «.f  U-lt^^  at  high  and 
even  nuHlerate  rates  of  HiH^-il  that  im|H'ratively  demands  appli.-ation  in 
estimating  any  tahtdar  st;itement  of  the  |M»wer  tnmsmittod  hv  U-ltM  at 
different  vehK-itii-s.  I'rof  Kankine  w:us  tin-  first  to  notin-  the  .ff.vt  of 
the  (VMtrifugal  tension  of  a  Ult.  Theri-  is  ex.rte«l  u[k.ii  :,rn  U-lt,  al 
whatever  vel<H-ity,  a  wntrifug:d  fonv,  varying  dinvtly  [Uareof 

the  v«'l(KMty,  regardless  ,,f  diamil«r  of  puiley>.  Taking  ;h.  ,uighf  of 
one  inch  wiile  leather  U-lt iiig  of  7-;VJds  thieknervs  at  d'ls:.".  lU.  iht 
foot  long,  it  e:in  l>e  tstiniatitl  that  the  following  will   -I  .suit.-: 

Volm-itv  of  l)elt  I  „        ,       , 

inft.',KTmin.i  ''       »'"^^       -'^^'       '^'^^        »'»♦>'>        •'»<'<» 

C'entrifug:il  tension  "j 
resulting  irom  those  \  0        OTl  l.S-4 

veKwities — ll>s.      j 

From  this  it  is  evident  that  wumu  the  limits  of  the  taUle.  in  tiu- 
manual,  tn>m  12  to  L'S  jht  e»iit.  of  the  siniin  :i.«^s,im.,l  in  the  mmmal 
Whole  No.  Vol.  CVIII— ^TllIRD  yKRu>s  Vol.  Ixxviii.)  ») 


426  Book  Notices.  »         [jour.  Frank.  Inst., 

as  admissible  on  the  tight  side  of  a  belt,  may  be  demanded  to  meet  the 
centrifugal  tension.  In  other  words,  it  does  not  answer  to  say  that  a  belt 
which  transmits  1  horse  power  at  a  certain  velocity  is  capable  of  tra^s- 
mitting  8'33  horse  power  at  8'33  times  that  velocity.  ,  .  ui 

Whatever  may  be  the  merit  of  the  nuichiue  tests ; to  jmanufactiirerSj" ! 
the  value  of  the  turbine  tests,  divested;  ifi;qiji  (illustration  or  description 
of  the  turbines  themselves,  cannot  have  a  high  estimate.  This  por- 
tion of  the  work  is  nearly  useless  except  to  the  competitors  at  the  Cen- 
tennial Exhibition  and  in  some  instances  not  especially  valuable  to  the 
individuals  exhibiting.       Hj/ii  nlmian  sdi  io  o'^rlioIv/ofDi  a'-iofi:jJK  otii 

The  second  part  of  the  book  relates  to  the  history  of '  GottonTnanu- 
facture  in  the  United  States,  and  is  chiefly  remarkable  for  its  brevity 
and  for  the  want  of  original  information.  ioqT^d  gdi  Aim  soajsh.     B. 

^ii:^  "io  8W9iv  a^IsifoBioH  o 

Key  to  the  Universe,  or  a  New  Theory  of  its  Mechanism; 'bounded 
upon  a  I.  Continuous  orbit  propulsion,  arising  from  the  velocity 
of  gravity  and  its  consequent  aberrations ;  II.  Resisting  ethereal 
medium  of  variable  density,  wi|;h.  mq,thematical  demonstrations  and 
tiibles.     By  Orson  Pratt,  Sen.  ''  8vo:  '  Salt  Lake  City.    Pp.  118*  ; 

A  curious,  ingenious  and  suggestive  speculation,  developed  with  a 
greater  knowledge  of  mathematical  principles  than  is  usually  shown 
in  works  of  a  like  kind.  It  is,  h6wever,  far  from  being  a  complete 
solution  of  the  Sphinx's  problem^  and  evpn  the  points  which  are  most 
impressive  might  have  been  made  still  stronger,  if  the  author's  reading 
had  been  more  extensive.  /      ,    i  ., 

On  page  23,  the  "equatorial  .etherpaU semi-diameter  of  the  sun" 
is  nearly  the  diameter  of  X(a2>lace's  orbft,  in  which  the  centrifugal 
force  of  solar  rotation  would  balance  the  centripetal  force  of  orbital 
revolution.  The  distance  at 'which  a  rotating  aethereal  atmosphere 
would  have  the  velocity  of  light  is  in  the  asteroidal  belt.  The  depth 
of  a  homogeneous  solar  sethereal  atmosphere  is  about  207,000,000,000 
miles. 

On  page  26,  the  statement  tKat  the  aethereal  strata  "  move  in  circles, 
parallel  to  the  equatorial  plane  fuid  at  right  angles  to  the  solar  axis," 
is  a  mere  hypothesis.  It  may  be  true,  or  it  may  not.  No  evidence  is 
oifered,  either  for  or  against  it. 

The  same  may  be  said  with  regard  to  the  statement  on  p.  31,  that 
"the  gravitating  force  is  transmitted  with  the  velocity  of  light,"  and 
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the  firm  Iwlicf '*  tlmt  tli«.'  iK-atin^',  maprm'tir,  elwlri*-  nn«l  chemiral  ray.-. 
:w  vvvll  ;iH  tin.'  nivH  of  tliHi-n'iif  rolfnv,  sin*  tnm-niitliHl  with  «'*]iuil  v«-l- 
<K'ity."  I-iJifjlai-o  thoii^'lit  that  hf  hn«l  //r'/fvW  that  thi*  v«hKnty  ol'^rmvi- 
tatiii^  Mi'tioii  iiiij-'t  )m'  at  hii.«t  HHi,(k^K»,(HH>  timrs  an  j^iit  it's  thnt  «»f 
lij^ht.  ProfVsHrtr  l/«>v«Min)]^  hft"  j*iij;jr«'?4o<l  th«'  (l«':*inihility  of  «'Xt<*iMliiig 
Lapl.'V'c'"  ^li-^ii-^loT»,  with  tli«^  1h'I|»  of  thr  r<^iilb*  whi<*h  have  l>«*n 
jMhi«'v«'«l  In  iiHxIfni  <liw<>v<ry.  ( 'h:H«^  hn.s  itipntificrl  th»'  v«'li»<ity  of 
lijjht  with  tin*  diHturhin^  vi-hxity  at  th<*  <t*ntre  fif  ji^nivity  of  th«'  Sun 
ami  .Inpitf^r.*" 

The  ;uith<ii'>  kimwlcd^e  of  thf  lultuhi  hyiM.thfsi."  apjKwv  to  \yp  lini- 
ito«l  t4»  I>a|>hi<'<''.s  {(rcs^'Titatioti  <»f  it.  He,  therefore,  falN  (p.  73)  into  thr 
<'ommon  error  of  thiiikinjr  that  tho  notion  of  the  sati'llit'-s  of  Mar« 
are  at  variancf  witli  thr  liy|M»the^i.*<,  when-a.-*  they  h*ii<l  stnin^  «'ontir- 
niation  to  IIt'rs<hors  vit'\VM)f  the  fHl-t-t  of  "Snl)f*i«U*nee"  in  ac«»n<h'iw- 
iug  nebuhi.  ( '. 
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Rogers  Kngineering  liihnirv.   I'nivep^itv  <»f  Pennsylvania,  hy  II. 
Ilaupt.  Jr. 

The  wiirk  thri>n;xli"iit  .^ivt-s  <vi<l<nif  i.t  <-anliii  ro^-an-li  in  tin-  iiiat- 
l<r  of  the  >tati.>«tics  uf  the  various  pcrimllral.-  in<  iiti'>ni<l,  whirh  th«»*' 
familiar  with  (hi-  kin<l  uf  u.iik  will  apprt"**!;!;  ^  n*  of  the  mu0t 
rcii'nt  |K'ri<Mlic;ils  have  not  Ikh'u  Inclu<leil,  owjiijj;,  wr  .•.uj»|Me^-,  to  the 
fju't  that  they  were  is.^ue<l  aft«r  the  n)anu.siTi|it  ha«l  goiu-  t^i  tlu* 
printer.  Thi.'^  work  Is  a  valuahle  addition  to  ever)-  lihniry,  as  it  not 
only  gives  a  list  of  tiie  title>  of  engineerinj^  |x'ri<Kli«-:il.<,  hut  in  ni<it<t 
instam-o  gives  tlie  price  of  tlu-  retvnt  journals,  lH»th  Kngli>h  and 
American,  hy  which  means  lihniry  eompanii-s,  onlering  or  d«>iriUL«»  of 
ordering,  jHTi<Hlic:ils  can  arriv»'  at  ati  estimate  of  the  cgpt  and  know 
what  journals  are  extant.  It  is  the  ehejUH-st  work  of  it.**  kind,  and 
should  he  possessed  hy  «'verv  lihrarv. 

hi  reviewing  the  alH»ve-nM'nti«»n«'<l  work,  we  wouKl  note  the  umih- 
siou  «tf  the  Franklin  Institute  T>ihrary  from  the  li.st  of  ahl»n'viation.s, 
and  would  remark  in  defence  of  the  author  that  this  omission  w:l« 
unintentionally  made,  and  w:u>*  (raiLseil  hy  tlie  iuL^^te  to  whieii  tlic  autiior 
was  subjeeteil. 

*Proo,  Anivr.  I'hil.  Soc.;  this  JuI'RNal,  ciii.  2S6-7. 
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Frictiox  and  Lubricatiox.  Prof.  R.  H.  Thurston.   Published  by 
Raih'oad  Gazette,  New  York:  1879.     212  pages,  18mo. 

Prof.  Thurston  has  in  tliis  book  collected  veritable  experimental 
data  from  all  the  accepted  authorities,  and  has  supplemented  his  infor- 
mation by  very  thorough  ex|>erimental  results  with  somewhat  novel 
apparatus  at  the  Stevens  Institute  of  Technology  at  Hoboken.  The 
question  of  the  nature  of  friction,  its  distinctive  character  when  divested 
from  conditions  of  contact,  or  associated  with  them ;  the  question 
of  the  continuity  of  film,  and  the  resistance  to  molecular  mobility  of  var- 
ious liquid,  or  semi-fluid  substances  under  varying  conditions  of  tem- 
perature; and  the  question  of  resistance  to  rotation  of  particles  of  pul- 
verulent or  abraded  substances,  compressed  between  solid  bodies,  are 
those  of  frictional  resistance  in  the  abstract.  And  the  opening  for 
considering  these  questions  broadly,  without  limited  application,  is 
presented  with  some  force  by  Prof.  Thurston.  From  this  point  of 
view  the  book  becomes  an  eminently  valuable  addition  to  tech- 
nical knowledge.  ^"  ^'>;si"^iil^>  hnr.  oiniT  'to  noJ;  b. 


Franklin    Institute. 


Hall  of  the  Institute,  Nov.  19th,  187&. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the  Pres- 
ident, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  210  members  and  75  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
announced  that  fourteen  persons  were  elected  members  of  the  Institute 
at  the  last  meetmg.  He  also  communicated  a  letter  of  thanks  from 
the  Pennsylvania  Museum  and  School  of  Industrial  Art  to  the  Board, 
for  the  use  of  the  class  rooms  of  the  Franklin  Institute  by  their  pupils, 
and  the  liberal  arrangements  in  fitting  up  the  same,  which  letter  was^ 
read  to  the  Institute  by  the  Secretary. 

The  following  donations  to  the  Library  were  reported  : 
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M<*iiioii>:  of  tilt,' (it-t^MLMisil  fSnrvev  of  Irnlia.      \'nl.  14.  :iii<l    I'lirt  1 
Vol.  1.:,. 

Do.  (Palav»ntolo;ria  Iii,li«-a)  Serkw  12,  I*art  1,  and  Sri*-.  1,  I'art  .'{. 
RiHonls  oC  thf  (JeoIojri(,il  Survey  of  Imlia.     Vol.  11,  Vdrtu  1  —  1 
Vol.  12,  Part  1. 

Contrnts  an. I  Inrli-x  of  tlir-  Firvt  Tdi  VuIumh-  off!,.  I!.  .•,„•■!- ,,r  t),. 
8urv«  V. 

Manual  or  m.- <  n^olo^ry  o|  India.  Hy  li.  15.  M.fllit  .>ti  ;in<i  \\  .  1  . 
lilanloril.      2  \'ols.  I'Voni  tUv  (  u-<.l.»i:i<':il  Surv.v. 

R<'j)orf  of  iIm-  T'oniiniMsioniT  of  I'^^iiK-cttion  for  1877. 

From  the  f  \»nimiw»k»ner. 

History  ot    the  Fifijt  If^KviiiMtiv.x  in  .\nKri«-a.      IJy  \V.  M.  Brown. 

Krorn  l>\vi-  S,  Wan-. 

A.stnuKimiirjil  J»ajHiv  pn  par.,.l  for  tlic  use  of  iliv  Anj.'ri.-m  i:i.l.. m- 
cris  and  Nautical  AIniai  I.  1,  J»arl  1.     Tahloof  i: 

From  Prof.  Simon   N-  u.  ..iiio. 

Computation  of  Timf  and  CJian-^'.-s  of  Stvl«'  in  tin-  Culendar.  Hv 
Sficmrcr  Bonsill.      Pl.ilada.  From  tlic  Author.  ' 

List  of   MciuIki-s  nf  the   Institution  (.f  Civil  Kn^'incers.      I>»ndon. 

From  ilio  Institution. 

rw.iity-tliird  .Vnnual  Ju-jHirt  of  ih,.  l^wrd  of  Tru-t«t>  of  tli«- 
\Vat«r  Work.s  to  Councils  of  Cleveland,  Ohio.     From  .1.  Whitehiw. 

Thouirlit.s  on  our  Conceptions  of  Pliysic:d  I^aw.  \W  Prof  F.  K. 
Xiplier,  Kans;us  Citv. 

T..rnado  of  April  11,1879.  By  .1.  L.  K.  \^■a.lssvorth  ami  F.  K. 
Niphcr. 

Ueport  ..n  M  a;r  net  ic  ()Us*'.r  vat  ions  in  Missouri,  Summer  of  1,S7^. 
By  F.  F.  Nipher.     Fnmi  the  \Vu.sliiugtou.L'iiiveR>ity,  St.  I^.uls,  Mo. 

Post  lloute  Maps  of  Maine,  New  Hanijwhire,  Vermont,  U\uh\v 
IsLind,  Ma«^icluL-ett.s,  <.'..nnei!iicut,  New  V(.rk,  Peiinsvivania,  New 
Jersey,  Delaware,  Maryland,  District  of  Colnmhia,  Ohio,  Indiana, 
Illinoi.s,  Iowa,  Mis.suuri,  Michijr;in,  Wis4'..n-in,  Minne>4.ta.  Texa-.  Ala- 
hama,  Mi.ssis.sipj,i.  Arkansas.  In.lian  Territory  and  Florida. 

IV.. til  W.  L.  Nicholson,  Ti>p.  Fn<.r..  W.%<hini:ton. 

Catal..^ue  and  Descriptions  of  Fnxlerick  Krupp's  Esuihlijihment  at 
Essen,  (ii-nnanv. 

I'^'rt.v-four  Dc«tail  SI ts  td' Krupp's  St«vl  Work<. 

Fifty-nine  Photographs  of  Cannon,  Munition  \Va-on>,  etc..  .in.i 
Works  of  F.  Krupp  in  the  years  1S«;2.  lS7:i  an.l  lS7t).'^ 

'  From  Mr.  .V.  (J.  Buzl.y.  IMiihidelphia. 
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Reports  of  the  Secretary  of  War  on  the  Operations  of  the  Depart- 
ment for  the  fiscal  years  ending  June,  1877  and  1878.     Washington. 

ii.y.i.iuu;   From  the  Secretary. 

Report  of  the  International  Monetary  Conference,  held  in  Paris, 
Aug.,  1878.  From  the  Secretary  of  State. 

Report  of  tlie  Bureau  of  Agriculture,  Statistics  and  Mines  for  1876. 
By  J.  G.  Killebrew.     Nashville,  1877. 

Transactions  of  the  Medical  Association  of  Georgia,  1877  aii9  1879. 

From  Dr.  W.  H.  Wahl. 

Massachusetts  Charitable  Mechanics  Association.     Its  Act  of  Incor- 
poration, etc.  From  the  Association. 

Memoirs  of  the  Historical  Society  of  Pennsylvania.     Yplj;.!  and  7. 
Collections  of  the  Society.     Nas.  1 — 4  and  6. 

From  the  Historicg^  Society. 

Specifications  and  Drawings  of  Patents  issued  from  tlie  U.  S.  Patent 
Office,  May,  1879.  From  the  U.  S.  Patent  Office,  Washington. 

Hygiene  and   Medical  Reports  by  Medical   Officers  of  the  U.  S. 
Navy.     By  Joseph  B.  Parker. 

From  the  Navy  Department,  ^^'ashington. 

Instructions  to  Coh^manding  and  Engineer  Officers  for  tlie  Care 
and  Preservation  of  the  Steam-Machinery  of  Naval  Vessels. 

From  the  Bureau  of  Steam  Engineering,  Navy  Dep't,  AVashington. 

Practical  Education.     An  Address  by  George  Woods.     Pittsburg, 
Pa.,  1879. 

From  Jos,  S»  Travellij,  Pittsburg  Western  University,  Penna. 

Annual  Reports  of  the  Secretary  of  Internal  Affairs.     Part  4,  on 
Railroads,  Canals  and  Telegraphs.     187() — 1878. 

From  the  Secretary. 

Semi-Ccntennial  Celebration  of  the  Franklin  Fire  Insurance  Co.  of 
Philadel[)hia,  June  25,  1879.  From  the  Company. 

Catidogue  of  a  Collection  of  Books  in  all  Departments  of  Literature 
in  the  Mercantile  Library,  Philadelphia.         From  Lewis  S.  Ware. 

Map  of  the  Tenth  Lighthouse  District. 

From  Lighthouse  Board,  Treasury  Department,  Washington. 

The  Woolen  Thread.     A  Lecture  by  Chas.  Vickerman.     England.^ 

From  the  Author. 

Chemical  Composition  and  Pliysical  Properties  of  Steel  Rails.     By 
C.  B.  Dudley.  '  From  the  Author. 

First  and  Second  Reports  of  the  Director  of  the  Meteorological- 
Observatory,  Xew  York.  From  Prof.  D.  Draper,  Director. 
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Arm'ri.'jiii  Iiistitiitf  of  AnJiitect-,  rnK-eeHin«p<  (•!  ila  Klivnitli  and 
Twelltli  Amiiial  Con vi-ut ions.  From  tlir  rn-tiruto. 

Teknisk  Ti(lskrif*t,!Sto<-kliolin.     VoK  1— G. 
.,  From  W.  i loll-to] t,  K<litor. 

Transariions  n\  tli<'  lioval  lii.-li  Ac3ul«-*iMy.  V<»1.  li'»,  C)ct.,  1H78, 
an<l  .Ian.,  Aj)ril,  .liini^,  \>iVJ,  Vol.  27,  F('l)."aml  April,  IHTH.  Alw), 
Proceedings.  From  the  A<-a<lemy. 

^luieidea,  or  Critical,  Fxegetical  and  Jv-tijeticxil  lU-inarks  on  the 
^"^neis.      Bv  Jamert  Ileury.      Vol.  2.      Dublin,  1870. 

From  the  Trustees  apjjointcnl  hy  the  Author. 

I)ic  (lasu  ropodcn'aeP  ^^cores.  Bv  \X.  iroerners  an<l  ^^.  Aiiinger. 
Wien,  18711. 

Mittli»'ihin^r<i)  dcr  K.  K.  r;<()(rn»pliis«'lieii  (I«-^-eIs<-hatt  in  Wien, 
1S7.S.  l''nvjn  the  K.  K.  (Jrug,  ( Jess^-W-haft. 

Verhandlungen  (^es  Xaturhistoris<'h-MtHli<iniseh<'n  Vereins  zu  Hei- 

doll-HTir.     N.  8.  7A  Vol.  V\.  !.  From  tli.-  Union. 

,''     .,;'•'. 
1st,  2d,  2.")tli,  .'Wth   to  ;;iid,  .itJLli  an<l    Jtitli  Annual    lv.[>orts  of  the 
Ivoval  CVirnwall  Polytoehnie  SK'ioty. 

^^rom  the  StK-retary  of  the  SK-ioty. 

Klevi.iitli  AniHial  luport  of  tlio  Di  partnient  of  Marine  and  Fish- 
eries, heing  for  the  liseul  year  ciHlctl  .jnth  .lane,  1H7S.  Ottawa,  187'J, 
with  .Supi)lemeut«,l  apd  2.  From  the  IVpartmcnt, 

Speeifieatioiis  and  Drawings  of  Patents  iK'^ueil  for  dune,  187H. 

From  the  V .  S.  Patent  OtJiee, 

8.  S.  Fit<'li.  Six  Lccrnre-  on  tjip  Functions  of  tin-  Ltiuirs.  New 
York. 

M.  Sii'^aud  dc  la  Fond.  ( 'abiiitr  de  l'h\>iiiu<-  lv\|"riiuentalt  .  2 
Vols. 

Martin  and  Chandters.  PhiK».-i»|tlucal  History  and  Memoirs  of 
Koyal  Academy  of  Seieni-es  at  Paris.      IahuIou. 

K.Darwin.  Z<Hmomia;  or  the  Laws  of  Organic  Life.  Vol.  1.  .'i<l 
Ed.     London. 

1/AI.1)(^  VoU.t.  Lrcons  de  PhVMqiie  Experitnentale.  Jttli  Va\. 
(i  Vols.      Paris.  "  '    ; 

J.  (i.  Macvitar.      Flements  of  the.Eo«nu)iny  of  Nature.     I/»ndon. 

L'Ahlx!?  (riranl.     Synonynu*s  Francois. 

James  Hamilton.  Ol)servations  on  tho  Ttility  and  Admini>tnition 
of  Purgativf  Mrdiclni's  in  Dise-.t-^es.      IMdladelphia. 

W.  Kiscidohr.      L'hrlmch  tier  PInsik.     Stuttgjirt, 

.\.  S'wanl.      Memoirs  of  tin-  Lite  of  Darwin.      Philadelphia. 

\V.  Jones.  Physiologii-al  L)is«jaisiti(ms  on  the  Natural  PhiKjf*t)pliy 
of  the  Klements      London. 
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W.  Jones.  An  Essay  on  the  First  Principles  of  Natural  Philosophy. 
Oxford. 

J.  J3.  Biot.  Precis  Elementaire  de  Physique  Experinientale.  2  Vols. 
Paris. 

J.  E.  Smith.  An  Introduction  to  Physiological  and  Systematical 
Botany.     Philadelphia. 

M.  Pouillet.  Elements  de  Pliysique  Exj)erimentale  et  de  Meteoi"- 
ologie.     ;3  Vols.     Paris.  From  Mrs.  Clias.  Ellis,  Philadelphia. 

Dr.  Samuel  Chamberlaine  read  a  j)aper  on  the  "  Raising  and  Reel- 
ing of  Silk/'  and  remarks  were  made  on  the  subject  by  Messrs.  Orr 
and  Bini>;ham. 

Prols.  Houston  and  Thomson  explained  antl  showed  the  Morkinu 
of  their  new a})paratus  for  the  "Storage  of  Electricity,"  which  was  dis- 
cu.ssed  by  Dr.  Rogers  and  Messrs.  Scott,  Parker  and  Nystrom. 

Mr.  M''illiam  W.  Potts  de.scribed  the  process  of  making  the  artificial 
stone  blocks  used  for  pavements,  etc.,  the  materials  being  cru.shed  lime- 
stone ajid  asphalt.     Specimens  of  the  blocks,  etc.,  were  exhibited. 

Col.  Henry  ^^^  Gray  called  attention  to  his  invention  for  ele(;tro- 
[)lating  with  gold  the  strings  of  the  piano,  and  an  instrument  .so  con- 
structed was  tried. 

Mr.  Thomas  J.  Whitney  described  his  "  Hot  Blast  Oil  Stoves," 
which  were  discu.ssed  by  Dr.  Rogers  and  Mr.  McCollin.  Several 
styles  of  the  stoves  were  exliibited. 

Dr.  Carl  Seller  explained  the  construction  of  his  new  "  Immer- 
sion Section  Cutter,"  two  forms  of  it  being  shown,  and  entire  .sections 
of  the  larynx,  etc.,  were  thrown  u])on  the  screen. 

Owing  to  the  lateness  of  the  hour,  the  Secretary's  report  was  omitted, 
and  attention  was  simply  called  to  a  number  of  interesting  things  on 
exhibition. 

Mr.  Cartwright  asked  a  vote  of  the  members  whether  the  following- 
amendment  to  the  By-Laws  should  be  })ubli.shed  or  not : 

"  In  ciise  of  a-vacancy  in  the  office  of  Treasurer,  it  shall  be  the  duty 
of  the  Board  of  Managers  to  appoint  a  i)erson  to  perform  the  duty  of 
tlie  position  pro  temjwrc." 

On  motion,  the  publication  Avas  ordered. 

iNIr.  Hector  Orr  offered  resolutions  of  regret  at  the  death  of  Mr. 
flohu  A\'is.'. 

On  motion,  the  meeting  adjourned. 

Isaac  Norris,  M.  D.,  Secretary  pro  tern. 
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